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It is the design of this book to furnish a number 
of simple and easy experiments in the phenomena of 
light, that any one can perform with materials that 
may be found in any dwelling-house, or that may 
be bought for a small sum in any town or city. By 
the aid of this book the reader becomes an experi- 
menter. The student of Nature may read in books, 
and soon forget. The experimenter who questions 
Nature himself, who constructs his own apparatus, 
and who performs his own experiments, learns past 
forgetting. He knows because he has observed. 

It is believed that this book will occupy a place 
hitherto unfilled in scientific literature. It is specially 
prepared for the boy or girl student, and for the 
teacher who has no apparatus and who wishes his 
pupils to become experimenters, strict reasoners, and 
exact observers. Nearly all the experiments described 
are new, and aU have been thoroughly tested. The 
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materials employed are of the cheapest and moet * 
common description, and all the esperiments may be 
performed at an expense of less than fifteen dollars. 
The apparatus is, at the same time, siiitahle for regu- 
lar daily use in both the home and school, and with 
care should last for years. 

The origin of this series of hooks, and the manner 
of their production, may be briefly stated. For sev- 
eral years Professor Mayer has been studj-ing how to 
give to every teacher and scholar the knowledge of the 
art of experimenting. To accomplish tliis very desir- 
able object, he had invented the simplest and cheapest 
apparatus, and he and hia scientific friends had been 
satisfied with their performance. It remained to 
describe these instruments and the ways of nsing 
them. He found, however, that his leisure from pro- 
fessional duties was not suiEcient for this work, and, 
not to delay farther the pnblieation of his labors, 
Professor Mayer called in Mr, Charles Barnard to 
assist him in preparing the books for the press. The 
construction and arrangement of the instruments were 
explained to Mr. Barnard, and the experiments were 
made before him. Mr, Barnard then wrote out the 
descriptions, which were revised by Professor Mayer. 
The engravings have been made under Professor 
Mayer's special direction, and care has been taken to 
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render them accurate representations of the appara- 
tus and experiments. 

The nature of Kght is not touched upon in this 
volume. The authors propose to explain, in another 
book, the phenomena of interference and polarization 
of light, and to explain fully the structure of the eye 
and the nature of vision. 
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CHAPTER I. 

INTROD UCTION. 

All about us are men busy with their various 
trades and professions : sailing ships, digging in mines, 
making all manner of useful tools and machinery, 
planting seeds and reaping harvests, and doing many 
other works and labors according to certain fixed rules 
that they found printed in books, or that they learned 
of others, or that they discovered for themselves. Each 
one has to do with the physical phenomena around 
him. The more he knows about these phenomena — 
the more he knows about things, their relation to 
each other, and their action one upon another — the 
better he can work. A knowledge of the phenomena 
of Nature is the most important knowledge one can 
have who wishes to succeed in life. More than this, 
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the observation of facts in Nature gives readiness of 
perception, and study and reading upon the causes of 
these facts stimulate the mind to healthful and pleas- 
arable action. 

The laws that govern the physical phenomena 
about us were not told to us by ancient gods, or 
divinely-instructed men. They were discovered by 
experiment or observation. Men aaked questions of 
Nature ; they watched her phenomena, till they felt 
Bure they saw a reason for their action. Sometimes 
they did not unflerstand all that happened, and 
made strange guesses at the laws that governed tlie 
happenings. Other men repeated the experiments 
and got new answers ; and thus, in time, the tmth 
about things became known. Many of these facts in 
Natm'e, and the laws that govern their action, are 
now known of all men. Others are still obscure, or 
dimly known, and are being investigated every day in 
the hope that they may be better understood. 

The farmer, the sailor, the mechanic, and artisan, 
moat familiar with these facts and laws of Nature, is, 
other things being ecjual, the most likely to be suc- 
cessful in his work. You hope to have a share in the 
world's work, and you wish to study Nature and her 
phenomena. You can read about these things in 
books. A better way is to make experiments — ^to ask 
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Nature yourseK — ^to examine the phenomena of light, 
heat, sound, electricity, etc., to study these phenom- 
ena, and find their causes for yourself. 

To try an experiment means to put certain things 
in certain relations with other things, for the purpose 
of finding out how they ajBEect each other. Experi- 
menting is thus a finding out. 

It is the design of this book to tell you something 
about experiments in the phenomena of light — to 
show how these experiments illustrate the action of 
light, and to explain briefly some of the elementary 
laws that govern this action. All of these experi- 
ments may be performed with the cheapest and most 
common materials that can be found. They are all 
easy and simple, and they are, at the same time, in- 
teresting and entertaining. Some of the things here 
described are capable of affording amusement for a 
large number of people, and many of the exhibitions 
and displays that may be made with them are won- 
derfully attractive and beautiful. 



CHAPTER IL 

THE S0CSCM3 OF IJGHT. 

Wbes the Ban riges in the moroing, the d 
of the night Eeems- to fade awaj, and, wherever f 
look, without or within, all the air and ep 
appears to be full of light. When evi 
again, the dayhght disappears, and the moon and the 
rtare give us another h'ght. In the house we start 
the lamps, and they give ns another light, Out-of- 
doore, In the dneky meadows, we &ee the fire-fiies dart- 
ing abotit, and giving ont pale sparkles of yellow Ught 
as they fly. We look to the north in the night and 
»ee the anrora, or we watch the lightnings flash from 
cloud to eload, and again we see more light. 

This light from eun and moon, the stars, the fire, 
tlie clouds, and sky, is well worth studying. It will 
give UB a number of tlie most beautiful and interest- 
ing experiments, and, hy the aid of a lamp, or the 
light of the) Bun, we can learn much that is both 
itrnnge and curious, and perhaps exhibit to our friends 
a numlier of charming pictures, groups of colora, 
magical reflections, spectres, and shadows. All light 
comes from bodice on the earth or in the air, or from 
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idics outside of the atmosphere ; itiid these bodies 
w^e call the sources of light. Light from eourcee ont- 
Bide of the atmosphere we call celestial light, and the 
sources of this light are etars, comets, and nebulse. 
The nebuliB appear like flakes and clouds of light in 
the sky, and the comets appear only at rare intervale, 
as wandering stare that ehiiie for a little while in the 
sky and then disappear. The stars are scattered 
widely apart through the yast spaces of the universe, 
and they give out their light both day and night. 
The brightest of these stars is the sun. When it 
shines upon ub, the other stars appear to be lost 
ia the brighter light of this gi-cater star, and we 
cannot see them. At night, when the sun is hid, 
these other stars appear. We look up into the sky 
and Bee thousands of them, fixed points of light, each 
a Bun, but so far away that they seem mere spots 
and points of light. Besides these stars are others, 
, called the planets, that move round the son. These 
ipve no light of their own, and we can only see 
. by the reflected light of the great star in the 
ttitre of our solar system. Among tliese stars are 
i Moon, Venus, Mars, Jupiter, and many others. 
! might call celestial light starlight ; but the light 
. the great star, the Bun, is so much brighter 
I the li^t of the others, that we call the light it 
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gives us suiilight, and the light from (lie other sdj 
we call starlight. For convenience, we also call the 
reflected light from the planets starlight, and the 
light from our nearest planet we call moonlight. 

Terrestrial light includes all the light given out 
hj things on the earth, or in the air that surrounds 
the earth. The most common light we call iii-elight, 
or the light that comes from combustion. When we 
light a lamp or candle, we start a curious chemical 
action that gives out light and heat. The result of 
this action is Are, and the light that comes from the 
flame is fii'elight. When a thunder-storm rises, we 
see the lightning leap from the clouds, aud give out 
flashes of intensely bright light. Sometimes, at night, 
the northern sky is full of red or yellow light, dart- 
ing up in dancing streamers, or resting in pale clouds 
in the dart sky. You have seen the tiny sparkles of 
light that spring from the cat's hack when you stroke 
her fur in the dark, or have seen the sparks tliat leap 
from an electrical- machine. All these — the aurora, 
the hghtuing, and the electric sparks^are the same, 
and we call such light electne light. 

Sometimes, in the night, we see shooting-stars 

L flash across the sky. These are not stars, but masses 

f matter that, flying through space about the earth, 

rike our atmosphere and suddenly blaze with light. 
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The friction with the air as they dart through it is so 
great that these inaBses glow with white heat, and 
give out biilliant light. Two eniooth wliitc-flint peb- 
blee, or two lumps of white sugar, if rnbbed quickly 
together, will give out light, and this light we call 
the light from mechanical action. 

Sailors upon the ocean sometimes see, at night, 
pale-yellow gleams of light in the water. A fire-fly 
or glow-worm imprisoned under a glass will show, in 
the dai'k, blight spots of hght on his body. A piece 
of salted fish or chip of decayed wood will sometimes 
give a pale, eold light in the night ; and certain eherai- 
eals, like Bologna phosphonis and compoundB of sul- 
phur, lime, Btrontinm, and barium, if placed in the 
sunlight iu glass vessels and then taken into the dark, 
will give out dull-colored lights. All these — the 
drops of fire in the sea, the glow-wonn, the bit of de- 
cayed wood, and these chemicals — are sources of the 
light called phosphorescence. 

These are the sources of light — the stars, the fire, ■ 
electricity, fi'iction, and phosphorescent substances. 
We can study the Hght from all of them, but tlie 
light from the sun or a liirap will he the most con- 
venient. The light of the sun is the brightest and the 
cheapest light we can find, aud is tlie best for our ex- 
perimentfl, A good lamp is the next best thing, and 
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in experimenting we will use either the sim i 
lamp, as happens to be moat easy and convenient. 

THE EELIOSTAT. 
In looking out-of-doors in the daytime we find 
that the Bunlight fills all the air, and extends as 
far as we can see. It shines in at the window and 
filU the room. Even on a clondy day, and in rooms 
where the sunshine cannot enter, the light fills eyery- 
thing, and is all about ua on every side. Now, in 
studying hght we do not wish a great quantity. We 
want only a slender heam, and we must bring it into 
a dark room, where we can see it and walk about it 
and examine it on every side, bend it, spHt it up into 
several beams, make it pass tlirough glass or water, 
and do anything else that will illustrate the laws that 
govern it. 

Choose a bright, sunny day, and go into a room 
having windows through which the sun shines. Close 
the shutters, curtains, and blinds, at all the win- 
dows save one. At this window draw the curtain 
down till it nearly closes the window, and then cover 
I this open space with a strip of thick wrapping-paper. 
bOut a hole in this paper about the size of a five-cent 
!, and at once you will have a slender beam of 
alight entering the hole in the paper and falling on 
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the floor. Close the upper part of the window with 
a thick shawl or blanket, and, when the room is per- 
fectly dark, our Blender heam of light will stand out 
clear, sharp, and bright. 

As soon as we begin to study this beam of light, 
we find two little matters that may give us tronble. 
The Bun does not stand still in the sky, and our beam 
of light keeps moving. Besides this, the beam is not 
level, and it is not in a convenient place. We want 
a horizontal beam of hght, and some means of keep- 
ing it in ono place all day. An instrument that will 
enable us to do this, and that can be adjusted to the 
position of the sun in the sky at all seasons of the 
year and every hour of the day, may be readily made, 
and will cost only a small sum of money. 

On the nest page are several drawings, giving 
different views of such an instrument and some of 
its separate parts. It is called a beliostat, and we 
shall find it of the utmost value in our experiment- 
ing in light, heat, sound, electricity, and other branches 
of physical science. 

The first drawing represents a front-view of the 
beliostat. The second drawing gives an end-view, 
and we can now make one by simply following these 
few directions : The part marked A in the two draw- 
ings is a piece of pine board, 33 inches (58.4 centi- 
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metres) wide and two or more feet long, or as long aa 
the window where it is to be used is wide. Any hoy 
who can use plane and eaw can make this piece of 
work out of common inch-board, and, if you have no 
pieces sd wide as that, it can be made of two or more 
pieces fastened together with cleats ; but, in this case, 
all the cracks must be close and tight. In the middle 
of this board, cut a round hole 5 inches (12.7 centi- 
meti-es) in diameter, with its centre 8 inches from 
the bottom of the board. In the first drawing this 
hole can be seen at 5, and in the second drawing 
it is shown by dotted Hnea at £. On one side of 
the board screw two iron brackets, using brackets 
measuring 14 inches (35.5 centimetres) by 12 inches 
(30.5 centimetreB). These brackets are placed one 
on each side of the hole in the board, and are 
placed 14 inches (35.5 centimetres) apart, and with 
the short arm of the bracket against the board. In 
the first drawing the two brackets are shown, and in 
the second drawing one is shown in profile, and they 
are marked G in both drawings. On the end of the 
brackets is placed a flat piece of board, 6J inches 
(16.5 centimetres) wide and 14 inches (35.5 eenti- 
. or long enough to reach from one 
bracket to the other. This board may be screwed 
up to tiie brackets, and thus make a shelf. Care 



muat be taken in faBtening this she 
to place it bo that the outBide edge 
bo 16 inehes (40.6 centimeti-eB) from the large board. 
On the outside edge of this shelf another board, 7 
inchea (17.8 centimetres) wide, is placed upright, and 
secured with Bcrewa and small strips of wood at the 
ends, as in the drawing. This shelf, with the wooden 
back, is marked D in the drawings. 

These things make the fixed parts of the heliostat, 
and we have next to make the movable parts, or the 
machinery whereby it can be adjusted to the move- 
ment of the snn in the heavens. First, get out a flat 
piece of board lOJ inches (26.7 centimetres) long, 6J 
inches (16 centimetres) wide, and J inch (13 milli- 
metres) thick. Then make a flat, half-round piece, 
shaped like the figure marked G. This piece must 
be \ inch (7 millimetres) thick, 5J inches (14 centi- 
metres) along the straight side, and vrith the cirenlar 
part with a radius of 3 inches (7.6 centimetres). A 
hole, \ inch (12 millimetres) in diameter, is made in 
this, as represented in the drawing, and then the half- 
round piece must be screwed to the flat piece of wood 
e just cut out. In the figure marked iVyou will see 
Ethese two pieces fastened together. Fig. / is the 

it dilEcult piece of all. It should be made of ash 
I xa* some hard wood. One end is sijuare, and 1 
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deep dot ctit in it ; the rest is ronnd, and may be 
in ch (32 millimetres) in diameter. The gqnare part 
most be large enough to elip over llie balf-circular 
piece, ff, as is aliown at H. A hole, \ incli (12 milli- 
mctree) in diameter, is cat in the two ends, as marked 
"by dotted lines at J, and through these holes an iron 
bolt and nat are fitted, so aa to hold the circular pits 
G, and yet allow it to turn freely in every direction,] 
A hole, Ji inch (32 millimetres) in diameter, 
through the triangidar piece of wood K, aa shown 
by the dotted lines, and then this block is securely 
fastened to the back of the large board, as shown in 
the second drawing. An opening of the same di- 
ameter, and having the same direction, is also cut 
through the board, and the movable piece, marked 
J, is put through this hole, as in the drawing. Final- 
ly, we want a wooden washer, 3^ inches (8.7 centi- 
metres) wide, as represented at M. This we shp over 
the long wooden handle, as shown in the second draw- 
ing, and this washer rests on the block JT, the top 
of which is 3J inches square. This makes all the 
movable parts of the heliostat, and, when we have 
put in the mirrors, the instrument is finished and 
ready for use. We must have two mirrors, one 6 
1 (15.2 centimetres) square and one 10 inch* 
|t«4 centimetres) long and 6 inches (15.2 centimetres) 
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wide. Thcae may be made of common looking-glass; 
but plate-glaBS with silvered back is far better, and 
costs only a little more. 

Any carpenter can make this instroment, and the 
cost will be about as follows : Wood, 50 cents ; labor, 
$1.75 ; glass, $1 ; iron nut, 5 cents ; brackets, 50 centfl 
— ^total, $3.80. When finished, the instrument should 
have a coat of shellae-vamish, and, when this is done, 
the mirrors maybe put in place, and fastened on with 
very heavy bands of rubber. This wiU enable us to 
take the glasses ofE when the instrument is not in use, 
and, if the elastic banda or rings are very strong, they 
will answer perfectly. The long mirror is to go on 
the movable piece at N", and the small mirror stands 
on the shelf, facing the opening in the board, at O. 
This mirror stands at the angle shown in the next 
drawing {Fig. 2), and the other mirror is adjusted to 
the sun at its various positions in the sky at different 
seasons of the year. 

Here is a diagram showing the position of the 
handle of the hcliostat, and the mirror for different 
seasons and in difierent parts of the comitry. The 
handle must be placed on a line parallel with the 
axis of the earth, and the four dotted lines give its 
. position when the heHostat is to be used in Boston, 
IXew York, Washington, and New Orleans, TMa 
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also cauHes the block of wood marked K to liave a 
slightly difEerent shape, bo that the liolc tlirougli it will 
be in the middle. Tlie dotted line marked "At Equi- 
nox " BhowB the path of the light from the sun, and 




the three dotted lines 6how the paths of tlie reflected 
light as it passes from one mirror to the other. Tlio 
position of the movable miiTor is also shown in the 
positioDB it has at summer and winter solstices. 



FIKST EXPERIMENT WITH THE HELIOBTAT. 
Choose a bright BHiiny day, and take the heliostat 
into a room hav-ing a window facing the Boutli. Kaiee 
the eaflh and place the inatrument in the window, and 
fasten it there bo that it will be firm and steady. 
Before closing the window down upon it, move the 
larger mirror on its asis till it reflects a beam of light 
into the small mirror. Then turn the handle to the 
right or left, and a i-ound, horizontal beam of light 
will enter the room. "When this is done, close bU the 
windows, so as to make the room as dark aa possible. 
To do this, shawls or blankets or enameled cloth 
will be found useful inside the curtains and shntters. 
Then get a piece of cardboard, about 6 inches (153 
centimetres) square, and lay a five-cent piece in the 
centre, and, with a knife, cut a hole in the card just 
the size of the coin. Then fasten this, with pins or 
tacks, over the opening iu the heliostat. 

We have now a slender beam of light in a dark 
room. "Walk about and study it from different sides. 
See liow straight this slender bar of light is ; it bends to 
neither the left nor right, but extends across the room 
an absolntely straight line. As the sun moves, turn 
8ie handle of the heliostat to keep the light in place. 
\ Here is a picture of a dark room, in the window 
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of wliich is the heliostat. In the centre of the pio 
f cardboard is the email liole where the light cntfl 
e room. A boy is holding one end of a long pie< 
Sf linai thread jiist at the Iwttom of the hole in I 




card, and another Ijoy has drawn tlie thread 
Btraight and tight, so that it just touches the beam 
light throughout its lengtli. 

Were you to try thia experiment, yoa would 
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that the thread would suddenly be lighted up tlu 
out its whole length, and would shine in the ( 
room like silver. Tiien if the boy allows the thread 
to become alaclt and loose, or if he lowers it even a 
very little, it will disappear in the darkness. If he 
raises and lowers it quickly, it will seem to appear ( 
and disappear as if by magic. 

This ifl a very pretty experiment ; but we must 
not stop to look at its merely curious efEects. Try it 
over several times, and see if it does not show you 
something about the beam of sunlight. Plainly, if 
the thread is hghted up its whole length when it is 
straight, then the beam of light must be straight also. 
Here we discover something about light ; we 'learn 
that it has a certain property. Our experiment 
shows that light moves in straight lines. 



ESPERIMGST WITH CARDS AND A LAMP. I 

Here is a picture representing tlu:ee little wooden | 
blocks placed in a row upon a flat, smooth table, and 
fastened to them are three postal-cards, so that they 
will stand upright. At the end of the table is a 
amall lamp. This is all we need to perform an- 
k other experiment, that will show us the the same 
; we observed with the beam of light from the 
^iostat. To make these things, get a piece 
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10 inches (25.4 eentiiuelres) long, 3 iuclies 

Daillimetres) wide, and IJ ineii (37 millimetree) 

, and saw it into tive pieces, eaeii 24 indies 

t miUimeti-es) long. Nest make three tilipa of 

, 4 inches (10 centimetres) long, 3 im^hes (76 




miUimeti-ee) wide, and -J- inch (4 millimetres) thick. 
Having made these, get three poBtaJ-eards, and lay 
them flat on a hoard, one over the other. Juat here 
we need a tool for making small holes and doing 
other work in these experiments ; and we push, with 
a pair of pliers, a cambric needle into the end of a 
wooden penholder, or other slender stick, putting the 
eye-end into the wood, and thus making a needle- 
i awl. Measure off one-half inch from one end 




<)£ the top postal-eard, anJ with the awl punch a 
hole through them all, just halt-way from each side. 
Lift the cards up, and with a sharp penknife pare 
off the rough edges of the holes, and then run the 
needle through each, so as to make the holes clean 
and even. 

Take one of these cards and one of the wooden 
slips, and put the card acLuarely on one of the wooden 
hlocks and place the slip over it, and tack them both 
down to the block. This will give ua the cards and 
blocks as shown in Hie picture. When each card is 
thus fastened to a block, we shall have two blocks 
left. These we can lay aside, as we shall need them 
in another experiment. 

Now light the lamp, and place one block on the 
table, quite near the lamp. Look at the lamp care- 
fully, and see that the flame is just on a lovel with the 
hole in the card. If it is too high or too low, place 
some books under it, or put the lamp on a pUe of 
books on a chair near the table. Take a chair and sit 
at the opposite end of the table, and place another 
card before you. Now look, through the hole in this 
card, at the first card before the lamp. If the table 
ia level, you will see a tiny star or poijit of lig 
shining through the holes in the two cards. With- 
out moving the eye, draw the third card into line 
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between tlie othere, and in a inomeiit joti will i 
the yellow star shining tlirougL all three cards, 

Next take a piece of thread and stretch it against I 
the sides of the three carde, just as they stand, and 1 
immediately you see that they are exactly in line. 1 
The holes in the cards we know are at the same dift- | 
tance from the edges of the cards, and our experiment 
proves that the beam of light that passed through all 
the holes must be straight, or we could not have seen it. 
The cards are in a straight line, and the beam of light i 
must also be straight. This experiment, like ibe 
first, shows us that there is a law or rule govemiog j 
the movement of light, and that law is, that light ] 
moves in straight lines. 

Move the lamp as near to the edge of the table as j 
possible, and then bring one of the cards close to the I 
lamp-chimney. Then change your seat, and repeat 
this experiment several times in different directions. 
Each time you will see exactly the same thing, no- 
matter in what direction the light moves from the 
lamp. The lamp may be moved from one side of 
the table to the other, and in every direction we shall ■ 
find the light moving in exactly straight lines from ] 
the aom-ee of light. This is true whether the sourc 
be the sun, a lamp, or a star. One can walk all abont I 
the lamp and see it from every side, and we can placefl 
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up or I 



ionr thi-ee cards in any direction, north or soutli, up or 
MJown, east or west, or in any and every direction, and 
(very time it will give the same result. 

Thus we have found out the law by which light 
Bioves, viz., it moves in straight lines in all dii-ectiona 
Ktm the source of light. 

Knowing this, you can readily think of a number 
[of things in which theee laws are made useful. A 
r planting an orchard, an astronomer fixing the 
■ "positions of stars, a sailor steering his ship by night, 
lemploys this law: the first, to arrange his trees ia 
Istraight lines ; the second, to measure out vast angles 
Kin the sky ; and the third, to lay the courses of his 
ihip in safety. Each employs these laws with ceiv 
Itaintj and safety, because they are fixed and 



EXPERIMENT WITH SHADOWS. 



This picture represents a sheet of white note-pa] 
letanding upright, like a small screen, upon a table. 
B'Near it is a bit of square paper, fastened to the end 
tof our needle-pointed awl, and beside this is a lamp, 
md next to the lamp is a postal-card, having a slit 
fut in it near the top. On the screen you will no- 
ptice that there is a shadow of the bit of paper held 
Bvn the needle. The paper screen may be made of 
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any sheet of white paper, and it iiiaj- Iju hc'l<l u]>- 
right by placing eome books behind it. The bit of 
paper on the needle is just 1 inch (25 millimetres) 
square ; and to hold the awl in place, the hand] 




^^ftnaj he stuck in a mass of wax on the table, Tlie 

^^BBlit in the postal-^^ard ehould be 1 inch (25 mil- 
1^^ limetres) long and i inch (7 millimetres) wide, and 

Bbould be horizontal. The eard may reel against the 
J^^lamp, and, if it is not high enough, put something 
^^^ninder it, bo that the slit will be opposite the Same. 
^^KThese things are easily procured, and, when you have 
^^ them, light the lamp, place the postal-card before it, 

and then make the room quite dark, or, if it is night, 

jput out all the other lights. Set up the needle-awl 
rith the bit of paper on the end about 12 inches (30.5 

pentimetres) from the lamp, and make it firm and 
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Bteady with a bit of wax softened in the fingers, 
Tlien bring the screen in a line with the paper square 
and the lamp, and about 24 inches (61 centimetres) 
from the lamp. If everything is right, there will be 
a wiTiare shadow of the bit of paper on the screen. 
Look carefully at everything, and have the paper Jast 
on a level with the slit in the postal-card, and have 
the lamp, paper, and screen, just in line, and then the 
square shadow will appear sharp aud clear on the 
white screen. "With a lead-pencil trace an outhne of 
this Bhadow on the screen ; then move the screen 
just 13 inches (30.5 centimetres) farther from the 
lamp. Look at the shadow. See how it has increased 
in size. With the pencil trace tliis shadow on the 

I Bcreon, and then, laying the screen on the table, meas- 
nro tlic two shadows, and see liow they compare in 
size, and see how they both compare with the size 
of the paper square that cast the shadows on the 
screen. 

Fig, 6 shows how light spreads out, and how 
shadows ex^iand as the distance increases. A is the 
lamp, and S is the postal-cai-d, having a slit for the 
light to pass. C is the paper screen, and D is the 

' first shadow made on the screen when it was 24 
inches from the lamp, ^is the second shadow made 
on the screen when it was 3S inches from the lamp. 
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ou lay the paper C on the tracing of the £ 
ow D, joa will observe that it onlj covers one- 
th of the surface, and that the shadow is four 
a as large. Place it on the larger shadow ^, and 
X will see that it covera only one-niuth of its siir- 
In the diagram the first shadow is marked off 
into quarters, and the second into ninths, by dotted 
lines. The diagram also shows how tlie rays of light 
ipread out wider and wider the farther they travel 
Irom the soarce of light. 

Now, make two squares of paper, one the size 
E D and the other the size of £". Then place -O ■ 




: inches (61 centimetres) from the lamp, and . 

B inches (91.1 centimetres), and both in a line. 

', D, and ^, have the positions shown in the di»j 
, it will be found that D and JT are both i 
idow, whUe the, square C is illuminated. Remove 
J square C, and D will be lighted, which 
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L that all the light that falls on D previously fell on 

£J yet remains in darkness. Next, remove D 

I and replace C, and E still reToains in shade ; but, on 

fTemoving C, Ei& fully illuminated. This shows that 

the quantity of light that fell on G spreads over four 

f times the surface at the distance 73, and nine times 

\ the surface at the distance E. Hence each one of the 

squares on D is one-fourth as bright as the square 

(7, and any one of the squares on E is one-ninth as 

^ bright as C. 

Here we are coming upon another fact about 

light ; we find another law governing its action. 

At one foot from the lamp the light had a certain 

power ; at two feet it had only one-quarter as mnch 

power ; at three feet it only had one-ninth as much 

power or intensity. So, if we approach the lamp, 

at a certain distance the light has a certain bright^ 

nesB ; at half that distance it has four times the 

brightness ; at one-third the distance it has nine times 

&s much brightness. The above relation, existing 

between the intensity of the light on a surface at 

L different distances from the source of light, is often 

,. stated aa follows: The illumination of a given sur- 

r face varies in brightness inversely as the square of 

Lite distance from the source of light. 
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EXPERIMENT IN MEASURING UGUT. 
[ This picture represents a sheet of white paper, 
ling upright upon a ta"ble, A few inches from j 
B screen is oar needie-poiiited awl, stuck upright I 
FUie table. (If you do not care to do this, the awl 1 
gbe 6tuck into a block of wood or bit of wax.) A I 
L candle is placed on the table, about 22 inches I 
^,8 centimetres) from the screen. Beyond this i 
mp, placed upon a pile of books, so as to bring the I 




flame of the lamp on a level with the flame of the 
candle. The lamp sliould stand, say, at 44 inches *" " 
centimetres) from the screen ; and, if it has 
wick, it mast be so placed that the wick stai 
agonally to the screen. 

These are all the things we need to make 
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interet-ting experiiiifint in meaenring light, and we 
have only to make the room dark, or put out all the 
other lights, if it is evening, and we can go on with 
the work. Let the candle bum a moment or two, 
and then bend the wick down, so as to give a large 
flame. If yon have no lamp, a gaslight wiU answer. 
Upon the paper screen are two shadows of the awl 
side by side. Move the lamp to the right or left till 
the two shadows jnst tondi, and make one broad 
band. Stady this double shadow carefully. Per- 
haps one half is darker than the otlier. Move the 
lamp backward or forward, and you will see that its 
shadow changes — becomes darker or lighter. Pres- 
ently you will find a place for the lamp where the 
double shadow appears of a uniform depth. 

Now both lamp and candle cast just as deep a 
shadow, and yet one is much farther from the screen 
than the other. Measm'e ofE the distanee. Perhaps 
the candle is 23 inches (55,8 centimetres) from the 
the screen, and the lamp is 44 inches (113 centi- 
metres). 

In our last experiment we found that the illu- 
mination of a given surface varies inversely as the 
square of its distance from the source of light. The 
square of 22 is 481, and the square of 44 is 1,938. 
Now, if we divide 1,938 by 484, we get 4, and thus 
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we iind tliat our lamp is four times as briglit as tha 
candle. It easts just the same depth of shadow on 
the screen as the candle, and it is four times as 
bright, because the s(juare of the distance of the can- 
dle will divide the square of the distance of the lamp 
four times, If we measure it another way we find 
tile candle is half the distance from the lamp to tlie 
screen, and gives only one-quarter as much light. 

Such a measurement as this is both easy and 
simple, and by means of such an experiment wo can 
find oui how much light any lamp gives. In thift- 
case, we find one lamp gives just four times as much 
light as the candle, or as nmcli light as four candles 
would give at once. This is called a photometric 
experiment, from two Greek words meaning lighi- 
measurement. You may sometimes hear people say 
that a certain gas-!amp gives a sixteen or eighteen 
candle light, and our experiment shows us what they 
mean by this expression. They mean tliat the lamp 
has a photometric value of so many candles, or gives 
a light equal to the light of sixteen or eighteen can- 
dies burning at the same time. 
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REFLECTION OF LIQHT. 




Place tlie lieliostat in position, and bring 
der beam of light into tbe darkened room, 
get a small looking-glass, or hand-miiTor, and a car- 
penter's steel square, or a sheet of stiff paper, having 
perfectly sqnare comers. Hold the mirror in the 
beam of light. At once you see there are two beams 
of Bimlight, one from the heliostat and another from 
the mirror. Hold the glass toward the heliostat, and 
you will Bee this second beam going back toward the 
window. 

This is certainly a cui'ioua matter. Our beam of 
light enters the room, strikes tbe mirror, and then we 
appear to have another. It is the same beam, thrown 
back from the glass. This turning back of a beam of 
light we call the reflection of light. 

Place a table opposite the heliostat, and place the 
mirror upon it, against some books. Turn the mirror 
to the right, and the second or reflected beam of light 
moves round to tbe right. Turn the glass still more, 
and the beam of light will tam o£E at a right angle, 
and there will be a spot of light on the wall at that 
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side of the room. Now bring the carpenter's square 
or the piece of square paper close to the mirror, so 
that the point or comer will touch the glass just 
where the sunlight falls upon it. Now one edge of 
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the square is brightly lighted by the sunbeam, and if 
the mirror is placed at an angle of 45 degrees with 
the sunbeam, the other edge of the square is lighted 
up by the second beam. 

In this diagram, A is the beam of light from the 



heliostat, and B is the beam reflected from the niirror, 
that is marked M. To make this more simple, we 
call tlie tirst beam the beam of incidence, and we say 
tbat it travels in the direction of incidence, as shown 
by the arrow. The second beam, marked B, we call 
the beam of reflection, and the course it takes we call 
the direction of reflection. The point marked O, 
whore the light strikes the mirror, is called the jwint 
of incidence. 

In the diagram is a dotted line representing a 
(jiiarter of a circle reaching from the beam of inci- 
dence to the beam of reflection. A quarter of a 
circle, as you know, Is divided into 90 degrees. 
Another dotted line extends from O at the mirror to 
Xou the qoarter-eirele, and divides it into two parts. 
Half of 00 is i5, and hence the mirror stands at an 
angle of 45 degrees with both beams of light. Now 
the line A and the dotted line reaching from to X 
make the angle of incidence, and the angle between 
B and the line from to X is the angle of reflection ; 
and the curious pai't of this matter is, that these -two 

I angles are always equal. Here they are both angles 

1 of 45 degrees. 

Move the mirror about in any direction, and meas- 
nre the angles of incidence and the angles of reflec- 

■ tion, and these angles will always be exactly equal. 
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If yon look at the diagram you will see tli.it the j 
■mirror is at an angle of 45 degrees willi tlie beam 
incidence, and that the beam of reflection is at i 
angle of 90 degrees with the incident beam. Hence, I 
if the mirror is tilted throngh a certain angle, the { 
reflected beam is tilted through twice this a 
For instance, if the mirror is moved 1 degree the 




I of reflection moves 2 degrees. Place the mir- 
ror at an angle of 22^ with the beam of incidence, 
and the beam of reflection is at an angle of 45. 
Move the mirror to an angle of G7i, and tlie beam 
of reflection will move ronnd to 
degrees. 

This drawing represents the two postaln 
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on blocka o£ wood tliat we used in a former experi- 
ment, and the three blocks of wood we cut out at 
that time. T!ie five blocks are placed close together 
in a line, and with the postal-cards at the ends. A 
lighted lamp is placed near one of the cards, and on 
the middle block is a small piece of window-glaae 
that has been painted with black varnish. A single 
coat of black varnish on one aide of the glass is all 
that is required to give us the black mirror needed in 
this experiment. Place the lamp close to the card in 
such a position that the flame will be just on a level 
with the hole in the card. If the lamp is not con- 
venient, the blocks and cards may be placed upon a 
table facing a north window in full dayhght. 

When everything is ready, look tbrotigh the hole 
in the postal-card marked B, down upon the black 
mirror, and on it you wiU see a single spot of light, 
the reflection from tke lamplight or the light from 
the window shining throngh the hole maiked A in 
the drawing. Get the needle-pointed awl and place 
it BO that the point will just touch the spot of light 
in the black mirror, and then fasten the awl in this 
position with a piece of wax, as represented in the 
picture. 

You will readily see that this experiment is the 
Bame as the last. Again we have a beam of 1 
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reflected from a mirror. The beam of ineideoee 



il-card at^-1 and GaiU ilB point 



passes tlirougli tlie p 
of moidence ou the mirror, and tlie beam of ri^Hoctiun 
extends from the point of incidence to the eei'oiid 
card at Ji. 

Take a sheet of stiff paper 10 incliea (25.4 centi- 
metres) long, and about 4 inches (10 centimetres) 
wide, and hold it upright between the two cards, with 
the bottom resting on the mirror. Wilh a jtencil 
make a mark on the edge of thia at the point of in- 
cidence, marked bj the awl, and at the hole in tli« 
card where the beam of incidence enters, and marked 
A in the drawing. Draw a line between these two 
points and jou have an angle formed by tliiB line and 
the base of the paper. This angle marks the angle 
of incidence. Put the paper on the blocks, wilh the 
ruled line toward the card i?, and joii will find that 
the line fits here erjually well. It now extends from 
the point of incidence to £, and proves that this 
angle is the eame as the other, that botli sides are 
alike, and that the angle of incidence and the angle 
of reflection are equal. 

Take out the block in the middle, and move tli» 
others nearer together till they touch. Repeat I 
experiment: make a measurement with a pteoA.) 
paper as before, and draw a line on it from the pA 
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of iucidenee to either of the holes on the cards, ami 
then compare the angles thus found, and in each case 
they will be exactly alike. Take out another block 
and try it again, und you will reach the same result. 

These experiments show ns that there is a fixed 
law in this matter, and the more we study it the more 
we are convinced that it has no exceptions. 



EXPERIMENT IN MULTIPLE REFLECTION. 



Choose a south room on a sunny day, and close 
" the blinds and shutters at all the windows save one, 
and at this window draw down the curtain until only 
a narrow space is left at the bottom. Close this space 
with a strip of thick wrapping-paper, and then cover 
the rest of the window with a blanket or shawl, bo 
aa to make the room perfectly dark. Then cut a 
round hole, the size of a five-cent piece, in this paper, 
and through this hole a slender beam of sunlight will 
fall into the darkened room. 

Bring a hand-mirror into this beam of light, and 
the beam of reflection will make a round spot of sun- 
light on the wall above the window. This spot of 
light is a picture of the sun thrown by the mirror 
upon the wall. Hold the mirror at an oblique angle 
in the sunbeam, and direct the beam of reflection 
upon the opposite wall. Now there are several re- 







fieetions, brilliant spots of light. If tlie spots of light 
do not stand out sharp and clear, tnrn the mirrop 
slowly round and you will soon find a position for 
the glass that will give six or more reflections. 

How does it happen that a common looking-glass 
can thus spht a single sunbeam into several beams ) 
If you touch a pencil to a mirror you will notice that 
while the point of the pencil touches the glass the 
point of the reflected pencil seen in the miiTor does 
not meet the point of the real pencil, and that there 
is a little apace between them. The reflection we see * 
in the glass is from the smooth surface of the quick- 
silver at the hack of the glass, and the space between 
the reflection and the pencil is filled by the glass. 

Hold a sheet of common window-glass before a 
lighted lamp or candle, and you will see a faint re- 
flection of the flame in the glass, and at the same 
time you can readily see through the glass. This 
shows us that the outside of any piece of smooth glass 
will reflect light, and our experiment is designed to 
show a still more curious matter. 

Fig. 10 represents t!ie single beam reaching the 
point of incidence on the outside of the mirror at 0, 
and reflected to the wall at 1. Part of the light goes 
through the glass to B, and here is another point of 
incidence, and a new beam of reflection is thrown 
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through the glass to the wall at 2, If you loot at the 
reflections on the wall, you will Bee that the Becond 
Bpot of light is the brightest. This comes from the 
quicksilver, for, as, this in a better reflector tlian the 
glass, it sends out a blighter beamof reflection. "When 




this second beam of reflection passes through the glass, 
a part of its light is reflected from the under side of 
the surface, and is turned back against the quicksilver 
again. Once more it is reflected, and a new beam of 
reflection makes number 3. The di'awing shows the 
path these beams of light take in the glass, and the 
quivering spots of light on the wall show how one 
heam of light may be reflected again and again in dif- 
ferent directions. If the reflector was perfect and 



Jl 



returued all the ligbt, these multiple reflections miglit 
be repeated manj times over ; bnt every time light is 
reflected from anj bright surface, a part of the light 
is lost, and thua each reflection grows fainter and 
fainter till the light is spent. Look at the multiplied 
reflections on the wall, and j'ou will see that the first 
reflection from the glass is bright, and that the sec- 
ond, from the quicksilver at the back of the glaae, is 
brighter still ; and that the others grow fainter and 
fainter till all the light is spent, and the reflectione 
disappear. 
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SECOND EXPERIMENT IN MULTIPLE REFLECTION, 



Light a lamp and place it on a table, and get the 
two postal-cards and the blocks that we used in the 
experiment in reflection. With a sharp knife cut a 
elit in one card, just at the pin-hole, about J inch (19 
millimetres) long and ^ inch (1 millinjetre) wide. 
Then place this card close to the lamp, as in the other 
experiment, and set up the otlier card about fifteen 
inches away from it. Then lay a looking-glass on the 
table between the two. Look at the picture (on page 
41) and arrange the cards as there represented, and 
put the mirror in place of the blackened glass on the 
blocks. On looking through the small hole in the 
postal-card (marked B in the drawing), you will see 
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1 the mirror several bars of yellow light, placed one 
over iLe other. Again we have an instance of multi- 
plied reflection. Instead of seeing tlie reflections 
' thrown upon the wall, we ean look down upon tliem 
and SCO them, juat aa they etand, each at its point of 
iucidence on the glass and the quickBilver, Study 
these brilliant Iwirs of light, examine the diagram 
carefully, and yon will readily see tliat this experi- 
ment simply exhibit* in a different manner the same 
thing that wo saw in the last experiment. ^^M 



EXrERIMENT WITH MIRROE OH PULSE. ^H 

Get a small hit of looking-glass, about an inch (25 
millimetres) square, and some wax. Warm the wax 
in the haud till it is soft, and then make three small 
pellets about the size of a pea. Put one of these on 
the back of the little mirror, near the edge and half- 
way between two corners. Place one at each of the 
opposite comers, so that the mirror will have three 
legs or supports placed in a triangle. Put the heho- 
stat in place, and bring a small beam of sunlight into 
the dark room. If this is not convenient, any beam 
of sunlight in a dark room (as in former experi- 
ments) will answer. 

Turn back yom" coat-sleeve, and, while standing 
near the beam of light, place the little mirror on the 



■wrist, witli one of tlie wax legs reetiag on tlio pulse. ] 
Then bring the ana into the bean), eo that the light I 
will fall on the mirror. Hold the arm steady, and I 
watcli the spot of reflected light ttirown u|>oii the I 
■walL See ! It moves backward and forward with s I 
curious, jerking motion. It is lite the ticking of » I 
clock, or like the beating of one's pulse. It is the mo- 
tion of yoiu- pulae. The mirror moves with the pulee 
and the beam of reflection thrown on tlie wall moves 
with it, and, though this movement ia very slight, ■ 
the reflection on the wall moves over a space of sev- 1 
eral inches, and we can see it plainly. lu our first ex- 
periment in reflection we lenrned that when a mirror 
was moved to the right or left, the beam of light r&- 
fleetetl from it moved also to tlie right or left, and each i 
time through twice as great an angle as the mirror. 

This experiment is a wonderfully interesting one, 1 
and may be tried with a number of boys or giris, and | 
each may see the peculiar beating of his or her pulse 
pictured on the wall in the most singular and startling 
manner. If any of the persons whose pulse-beats are 
thus exhibited get excited, laugh at the exhibition, , 
or are in any way disturbed, the change in the move- 1 
ment of their pulse will be f^uickly repeated on the! 

t where a hundred peoidi: can see it. 
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& hole in a postal-canl with the gharp point of a pair 
of scissors, and with a knife make the ragged edges 
of the hole smooth. Hold the card at one end of 
the tabe bo that the hole wiH come just at the centre 
of the opening, and then, while facing a window or a 
bright lamp, look throngh the tube ^rith one eye, and 
yon will see a spot of light fiurrounded by a number 
of beatitiful rings. 
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Here we have another example of multiplied re- 
flection. Tbo liglit entering the tube, throiigli the 
Lole in the card, falls on tlie smooth surface of the 
interior of the tube, and appears to the eye in the 
form of rings. 

Fig. 11 represents a section of the tube, ami shows 
the paths the difierent rays of light take, and shows 
how each is reflected from aide to side till they all 
meet in the eye. The dotted lines and the rings 
projected beyond the tube show how they appear to 
the eye. By studying this drawing carefully, and 
trying crosB cuts and slits in the card in place of the 
single hole, you will get a very correct idea of re- 
peated reflection, and find the tube a source of con- 
siderable amuseraent. 



EXPERIMENTS IN DISPEKSED BEFLECTION. 
Get a small piece of black velvet or cloth and 
take it to a dark room, where the heliostat will give 
ns a slender beam of sunlight. If this is not con- 
venient, use a common beam of sunlight in a dark 
room, as in some of our former experiments. Hold 
the velvet in the hand between the fingers, and so aa 
to leave the palm of the band clear. Turn back the 
coatr-sleeve so as to expose part of the white cnff, and 
then bring the velvet into the beam of sunlight. Yoo 



will observe nothing in particular, for the black, roHgii i 
cloth does not reflect the light at all. Now movetHe | 
hand, bo that the spot of light will tall on the palm. 
See what a pretty, rosj glow of light falls on the wall! 
This is the reflected liglit from the hand. The skin 
is rough, and the light is diffused and scattered alwut, 
and, instead of a bright spot of reflected light, as witii 
a mirror, we have this glow spread all about on llie 
wall and furniture. Now move jonr hand, eo tliat 
the sunlight fails on your cuff. Immediately there is 
a bright light shining on the wall, and lighting the 
room with a pale, blmsh-white glare. Move the hand 
quickly, BO that the black cloth, the hand, aud the 
white cuff, will pass in succession through the beam 
of light. Observe how the different things refleflt 
the light in different degrees. The cuff is the smooth- 
est and whitest, and gives the brightest reflection ; the 
hand gives less light, because it is less smooth ; and 
the cloth, that has a very dark and rough surface, 
gives no reflection at all, and the spot of sunlight 
falling upon it seems dull and faint. 

This experiment shows us something more in the 
reflection of light, A piece of glass, the surface of 
water, polished metals, ice, and all substances having 
very smooth surfaces, reflect light in one direction. 
The linen cuff also reflected light, hut apparently in a 
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Very different manner from the mirrors wo liavo been 
using. 

Place a lighted lamp upon a table and lay a mirr< ir 
before it, and you can bcc a clear and distinct rertec- 
tion of the lamp and the flame pictured on the glass. 
t*ut a sheet of white paper before the lamp, and you . 
can see only a confused spot of reflected light on the ' 
Tarightly-liglited paper. Lay a freshly-ironed naphin 
or handkerchief before the lamp, and even the indis- 
tinct spot of light has disappeared, and the while 
cloth reflects light equally from eveiy part. 

These drawings are intended to show how light is 
reflected from different surfaces. The first represeuta 
a smooth eui'face, like glass, that sends all the beams 
in one direction, because the points of j-eflection for 
the beam are in the same plane. (See 1, 2, 3, Fig. 12.) 
The second drawing represents a slightly-rough- 
ened surface, like paper. Some of the points of re- 
flection turn the light one way, some another, and the 
beam of reflection is no longer formed of parallel 
rays. They are scattered about, and the image they 
form is confused and indistinct. In the third draw- 
ing we have a roagh surface, like cloth, and here I 
the rays of the beam of reflection are scattered in ' 
every direction, and we can see no image. 

It is in this manner that we are enabled to see the 
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'■■^^ct ligLt BO brightly that we obtain from them « 
J*^fiected image of the eottrce of the light, and we 
ife^nerally see only dispersed and ecattered light, that 
■*i«3es not blind or dazzle the eye, and enables as to 
■•^zxik apon these objects with ease, and to readily Bee 
^-Tl their ])arte. 

The clonds, the water, the grass, rocks,, the gronnd, 
^nildings, the waDa inside, clothing and famitnre, 
and everything we can see, reflect light in evety 
direction again and again, and thus it is that all 
spaces, without and within, are filled with light so 
long as tlie eaa ehines. At night the sun sinks ont of 
aight, and still it is light for some time after, for the 
snnlight is reflected from the Bonset-clonds and the 
sky. 

Sometimes, upon a summer's day, when broken 
clouds partly hide the sun, you will see long bars of 
I dusky light streaming from openings in the clouds. 
These long bars are beams of snnlight shining npon 
dust and fine mist floating in the air, and we see 
them because each speck and particle reflects light itt 
every direction. 

EXPERIMEST WITH JAR OF SMOKE. 
Fig. 13 represents a large, clean glass jar, snch 
aa one sees at the eonfectioner'e. It is sta n d ing , 




band-iuiiTor, so placed that the beam of sunlight from 
) heUostat (or from a bole in the curtain) will be 
f reflected downward npon the postal-card on top of 
r the jar. 

This simple apparatus is designed to show how 
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;ht is reflected jfroui anal) |Mu-ticIe6 duAting in th« 
r. Set fire to a small bit of psper and drop it into 
le jar. Place your baud over the mouth <if the jar, 
[id in a moment it will be filled vith smoke When 
lie paper has bomed out, pnt the poetal-card in plate, 
D that the slit will be in tlie centre of the iiioulli of 
he jar. Let the beam of reflected h'ght from the 
uinor fall on this slit. 

Look in the jar and yoa will see a blender ribbon 
}f [t^t extending downward through the jar. EUe- 
Echere it is quite dark and black. Ilere we tee the. 
light Btreaniing through the opening in the card, mmI 
lighting ap the paiticlee of eraoke in its path. 

Take oS the esn\, and let th« reflected beam fall 
TreelT into tlie jar. The gnioke in now wholly iUtt- 
uittated, and the jar appears to be fnll of liglil, and 
every part of the l>ottle ehinea with a (lole-white 
jlow. 

Pot the poetal-card on again and let tb<! Ii|;bt fall 
through the slit. The smoke has nearly all diiia|v 
[)eared, and the ribbon of light in the jar iBfjuitedim. 
Dnrions streaks and patches of inky blackncM run 
through it. What is this I Nothing — einiply noth- 
ing. The Emoke ie melting away, and the beam of 
ight di£appear& because there ie notliing to reflect I 
md make it vieible. 
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TUi pvt of tbe exp^imeiit appears quite 
cal IB its efiectSy ntd is exceediogly interesting. 
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" Tkke rnnr ibe jar ind put a clear glass tumbler 
n ita place. Fill this vith vater aud tkrow tlie 
bo m of nfleeted light down npoa it, and the water 
viU Im lighted np ^o that ve can easily Bce the 
taoibler IB die duk. ?^ow add a teaspoonful of milk 
to the wmter and stir them together. Throw the 
beam of tifctit dumi oaee more. This is indeed re- 
niarkaltl?. The tomhler of niilk-and-wEiter shines like 
a lamps aud l^ts np the room so that we can easily 
!«) to read by its ftrange white light. Move the 
mirror and turn aside the beam of light, and instantly 
the iwiiu becoiiw» dark. Tam tlie light back again, 
and once more the glass is full of light. 

Here tho minute particles of milk floating iu the 
water oati-h and reflet-t the light in every direction, so 
that the entire goblet seems tilled with it, and the 
room is liglited np by the strange reflections thatil 
Bhiae through the glass. ^| 
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iCESTAiN thiiigB, like glase, water, mica, and ice^l 
w light to pass directly through their substance. ■ 
~Vib hold them before the eyes, and see the light veiy I 
"nearly as well as through the air. Such substances, | 
we say, are transparent. Other objects, like porc&- 1 
lain or oiled paper, do not permit all the light to I 
pass, and such things, we say, are eemitransparent or I 
translucent. Many other things do not permit light I 
to pass through them, and east shadows behind them I 
when brought into a beam of light. These thingeJ 
cut ofE all the light, and we call them opaque. 

Here is a common glass bottle with straight sideB'l 
and about tliree inches (T6 millimetres) broad, or as I 
wide as a postal-card (Fig. 14). On one side is pasted | 
a piece of white paper having a perfectly round hole I 
cut in it. On the glass, in the clear space made by | 
the circular opening in the paper, are two lines drawn I 
at right angles, in ink. These two lines divide thaj 
circle into four eqaal parts, and are to serve as gnidet 
i hew experiments. 
the bottle with clear water up to the hori- 




nmtal Hiw? Jii tlio circle, and llien, IioMing the bot! 
lie ill » small horixoutAl Itc.im of Eiuilight fi-om thfl 
ht'liiwt;*!, yoH will 60C that the light passes directly 
thrvxigli the wKtor in tho liottle or through the ai^ 
aUivo the WMter. To make this more distinct, cut a 
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pendicular beam down into tlie water, 
exactly the same thing. 
Fig. 15 represents the bottle of water etandlng 
upon a table, under a window, wliere the beam of 
Bnnlight enters from the heliostat. The opening 
where the light eomea in, the mirror, and the re- 
flected beam of light thrown down upon the bot- 
tle, are plainly shown in the picture. The postal- 
card is held in sueh a position that the beam falls 
npon the slit and then enters the bottle. Look into 
tlie bottle through the opening in the paper, and see 
where the beam falle, and then move the muTor and 
the card till the beam enters the bottle above the 
■water ajid strikes the water just where the two lines 
meet in the centre of the circle. Draw the postal- 
card forward so tliat some of the light will cross the 
outside of the bottle, and appears to make a white 
mark across the paper circle. Study the two beams 
outside and inside the bottle, and see if you can dis- 
cern anything peculiar about them. The part of the 
beam inside the bottle and above the water followB 
the same direction as the beam outside till it touchee 
the water-line, and then it turns down and takes a 
new direction. This bending, that takes place when 
a beam of light passes from air into water, is called 
refraction. It takes place very generally when light 
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pa^es from one transparent ineditun to another, and 
g^ves riee to a number of curious matters in regard 
to light. 

Here is a drawing of tlio beam of light crosB- 
ing the opening in the paper, and showing how it 
is bent. It passes throagh the air above the water, 
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in the upper half of the circle, and then takes a new 
direction throngli the water in the lower half. You 
will observe in the drawing dotted horizontal lines 
extending from S to A, and from Cto Z*. Look at 
the beam of light carefully, and with a pen mark 
these places A and Con the edge of the paper circle. 
Take the bottle to the hght and measure oS the dis- 
tances from A to the perpendicular line, or along the 
line J. ^ in the drawing, and from to the perpen- 
dicular line, or the line C J) m the drawing. Make 
a record of these meaBurements, and then take 
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iMittIp to the dark room. Place it nearer to the 

n-r, and let the rcrtcL-ted beam of liglit fall npon it 
at a ciiffereat angle, being careful that the beam 
strikes the water at the centre of the circle. Examine 
the beam of light in the bottle, and yon will observe 
that it is bent, but at a different angle. Mark the 
two points where tlie beam crossee the circle abore ■ 
and \k\ow the water, and measure their distances 
from the perpendicular line, and then compare these 
distances with those we obtained tho first time. Di- 
vide the distance between A and £ bj the distance 
between C and Z>, and yon will obtain a certain quo- 
tient. Divide the two sets of figures obtained the 
second time (that is, the distance from the edge of 
the circle to the periiendiciilar line above by the 
same below the water), and the quotient or ratio of 
the one to the other will be exactly the same aa be- 
fore. For instance, if the distance £ro^a -4 to .ff is 
four units, the distance from C to D will be three 
units, and in every experiment tliis proportion will 
be the same. In this case, where the light passes 
from the air to the water, we get a quotient that is 
one and a third, and this quotient we call the index 
of refraction. These experiments show us that there 
is a fixed law of refraction. When the light met 
the surface of the water at a right angle, it passed 
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throiigli tiie water without bending. Iii encli inetancea 
the light is said to nieet the water in a noniial diree- 
tioD, If it meets the water on either side of this 
normal, it ia refracted. Glass, dianiondfi, miea, and 
every transparent substance. Lave tbelr own peculiar 
refraction. Glass has an index of refraction of 1.5, 
A diamond liiis quite another index of refraction, 




and it is Ly comparing these that we are able to 
prove whether a stone is a real diamond or only 
an imitation made of glass. 

Above is a picture representing tlie bottle in a new 
position. The beam of sunlight enters the darkened 
window, and falls upon a mirror lying flat on the 




table. It is tlien reflected npward toward the bottle 
that stands upon a. pile of books. The postal-card 
is put up as before, and the beam of light passes 
througli the slit and enters the bottle below the sur- 
face of the water. Look at the beam of light in the 
bottle through the circular opening. Instead of pass- 
ing through the water into the air above the surface, 




it is bent and turns do-wnward into the water again. 
If, at first, you do not see this curious effect, raise the 
mirror slightly, tip it up toward the bottle, and take 
oat Bome of the boobs under the bottle till the beam 
of light enters the bottle, in the directiou C 0, as in 
the above drawing. Here the line A B represents 
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the Burfat-e of the water in the bottle, and the 
IF" JT is the perpendJLiilar line in the circle. la 
this experiment the light must enter the bottle at C 
and pass to at the surface of the water, and then 
you will see a most corions phenomenon, the reflec- 
tion of the light from the snrface of the water at O 
downward to D. To understand this eingnlar matter 
we must study the diagram. 

Ill the diagram a beam of light is represented afl 
entering the circle at <?, and is tlien refracted to H. 
Another beam goes from / to J. Dotted lines are 
drawn from each of these beams to the perpendic- 
ular, both above and below the water. Ton can 
easily compare the relations of these dotted lines 
above and below, and you will see that they still pr©. 
serve the same relation to each other that we dis- 
covered in former experiments. Fii-st, we must ob* 
sen-e that light may pass from air to water, as from 
G to O and II, or from water to air, as from U to 
and (?, and the amount of bending will be the 
same in both cases. In other words, the light takoa'i 
the same path in going from air to water as w 
moving from water into the air. A beam o£ li 
passing to 0, just above the siu^aco of the water» 
will be refracted as already described. To etut 
this matter farther, we must reverse the direction 
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B light and cause it to pass from tlie water to tiie 
Tlic beam of light entering at C, below the 

I Water, passes to 0. Now, if we measure a line from 
C to the perpendicular O X, we shall find it is too 
long to be three units, if we call the length of the 
longest line (O B) that can be drawn from the cir- 
cumference of the circle to its centre four units. The 
beam of light entering the water passes to the snr- 
face at O, and fiuds itself a prisoner, and it turns 
back and dives down into the water again. None of 
our experiments have shown a more singular result 
than this. The lines which we have so often drawn 
perpendicular to the diameter, Y X, of the circle, 
are called sines, and the law of refraction is alwajs 
thus stated: The sines of the angles of incidence 
have a constant relation to the sines of ttie angles 
of refraction. In the case of light passing from air 
into water, the ratio of the sines is as 4 to 3 ; in the 
case of light passing from air into glass, the ratio of 
the sines is as 3 to 2. 

The beam of light entering the water at C is said 

I to have reached the critical angle A C, and hence 
is totally reflected. By this is meant that it has gone 

I beyond the critical point, where the law of the sines 
i to an end, and reflection takes the place of re- 

' fraction. 



REFRACTION OF LIGHT. 

Sometimes, when walking along a road on a v 
day, yon may observe a eiiriona quivering iu the air 1 
juat where the road secrns to meet the sky, as it goes I 
over a hill. The objects near this point appear to bo I 
dietorted and to tremble, or they assume fantaetie I 
.Bhapes. Here we have an instance of refraction J 
OKDsed by the Iieated air just above the surface of 1 
the road. The light passing through these layers of | 

I tmeqnaUy-heated air ia refracted unequally, and the I 
objects that reflect the light appear distorted. In J 
some instances the refraction may pass the critical ' 
angle, and we may see the objects apparently doubled 
by reflection. Wann, calm days by the sea show the 
same thing, when distant vessels appear repeated in 
the sky, or when distant land that is really below the 
horizon " looms " up and glimmers upon the horizon 
in trembling headlands. This illusion ia called the 
mirage, and takes place when refraction exceeds the 
critical angle and becomes reflection. 

^ Fill a clear glass tmnbler with water, and put a 

■ spoon in it, or dip one finger in the water, and bold it 
above your bead so that yon can look into the water 
from below. You will find that yon cannot see through 
the water up into the air above. The under surface 
of the water will appear to shine like burnished si^ 

I ver, and the spoon or your finger will be reflec 
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it, as in a beautiful mirror. This illustrates total 
reflection, and shows that in this case all light thrown 
upward through the water is reflected from its sur- 
I face. Look into the tumbler from above, and it ap- 
pears full of clear water. Look into it from below, 
and it seems as if an opaque sheet of silver rested on 
the water, and shut out the view of everything above. 
Take a small glass tube, and roll up a piece of 
colored paper or printed paper and shp it inside the 
tnbe, and then place the tube in the goblet of water. 
Hold the goblet in the hand near the eyes, and yon 
can see the paper in the tube through the water. 
Lower the goblet till you can loot down into the 
water from above, and the tube will appear as if 
made of silver, and the paper will totally disappear. 
To vary the experiment, lift the tube up and down 
in the water, and the paper will appear and disappear 
in the most sarprieing manner. This also illustrates 
total reflection. The lig'ht reflected from the paper 
passes through the glass tube into the water, and is 
refracted. In certain positions the light passes the 
critical angle, and is reflected from the outer surface 
of the glass tube, and fails to reach the eye. Look 
into the goblet from below, and there is the colored 
paper pictured by total reflection on the under side of 
the water. 
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THE WATER-LENS, 



Tig. 19 shows an obloag l>ox of pine, 14 inches 
(^35.7 centimetres) high, 6J inches (16.5 ceutiinetres) 
squiire at the outside at each end, and made of thin 
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boards, nailed or screwed together. One side is en- 
tirely open, and at the top is a round hole, 5 inchee 
(12,7 centimetres) in diameter. On this opening 
rests a hemispherical glass dish, made by cutting 




off tlie round top of a glass shade. TLia i 
thin glass bowl, 5^ incites (14 centimetres) in i 
eter, and it rests in the hole, partly above and p 
below the top of the box. 

Inaidc the box two strips of wood are fae 
one on each side, at an angle of forty-five de( 
On these strips rests a sheet of silvered (^ 
inches (13.7 centimetres) wide and 8^ inches (31.4 
centimetres) long, or just large enough to slip into the 
box, as shown by the dotted lines in the picture. To 
keep tlie glass from eliding out, a tack or brad may be 
driven in the box at the end of the mirror. 

Put the lieliostat in the window, and bring a fall 
beam of sunlight into the darkened room. Then 
place this box on the window-seat, or on a table next 
to the window, with the open side toward the window, 
and in snch a position that the beam from the hello- 
stat will fall on the mirror. By this arrangement the 
light will be reflected upward through the glass bowl. 
Then fill the bowl with clear water, choosing the 
purest and cleanest that can be found. Adjust the 
box carefully, and see that the beam from the helio- 
stat strikes the mirror fully, and that the reflected 
beam meets the bowl on eveiy side, so that there are 
a shadows inside the box. 

Ilere we have a bro.id beam of light passing from 
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tlie air into water, and our experiments have eliowu 
Oft that in aueh an event the Uglit may be refracted. 

Ilold a sheet of paper in a horizontal pusitiuo 
JQBt aboYo the bowl, and yoii will sec that it is fully j 
lighted up by the light thrown up by the mirror J 
through ttie water. Eaise the paper slowly, and the I 
circle of light on the paper will grow smaller and ' 
brighter, till it is reduced to a email dot of intense . 
white light. 

Put a match just at this bright spot of light, on 1 
the under side of the paper, and instantly it begins to , 
bum, Tout'h the lighted match to tlie paper, i 
hold the burning paper beside the bowl of water, and 
gently blow the smoke over the water. See what » I 
Btrange cone of light appears in the smoke ! It is J 
pale below, next the water, and grows brighter and I 
brighter till the top of the cone is readied, and here 1 
it is inteuaely bright. Above this cone appears an- 
other, upside down, with its point touching the point I 
of the cone beneath it. Above, on the ceiling, is a 
large circle of light, perhaps several feet in diameter. 
Fig. 20 represents a number of rays of h'ght en- 
tering at the left, and reflected upward from the 1 
mirror. From our experiments we learned that light J 
pasedng from the air into water, aud reaching the s 
face in a normal direction, goes straight on throu 



the water in the same path. If it enters the water 
on either Bide of this normal, it is refracted or 




turned aside, and takes a new path. The greater the 
angle at which it enters the water, the greater the re- 
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In the diagram the line in the middle n 

! ray of light in the centre that meets the 

ter at a nornial, and passes straight through it 

I on into the air above. On either eide the rajs 

I represented as refracted, or bent out of their 

*ek, and obliged to take new paths. The greater 

B distance of the ray from the normal, the greater . 

t refraction. Now, as all the raya at the same dia- | 

tanee from the normal are refracted to the same de- I 

gree, it follows that there must be a place where all j 

these rays of refractioo will meet. 

Look at the cone of liglit over the bowl of water, I 
and yoii can see the spot where all the rays of light I 
are concentrated. Here they meet in what is called a 
Joeus. Ton can readily remember tliis word, because j 
it means a hearth, or huming'j)lace, and we saw our 
match take fire just at that point. The rays of sun- 
light contain heat as well as light, and, if we gather ] 
them altogether in a bundle, of course we shall con- 
centrate both the heat and light. A bit of paper held 
in the focus glows with intensely white light, and 
presently begins to smoke and burn in the concen- 
trated heat. 

This bowl of water is called a lens, and, by means J 
of refraction, we may use it to concentrate light f 
heat, Beyond the focus you observe the light spreac^ 





out again till it ineeta the ceiling, where it ajq 
as a broad disk of light. In the diagram each raj? 
represented as meeting at the focne, and then'j 
pass each other and go on in their previous < 
tions; and you can readily see that a new cone l( 
light will be formed, upside down, above the foe 
and beyond it all the rays will spread out wider a 
wider the farther they go. Hold a piece of ] 
jiKt above the focus, and you will see a small circle 
light upon it. ^Raiso it liigher, and the circle grov^ 
larger and larger, and on the ceiling it is several f« 
wide. 

By means of leuees of glass or water we can b; 
out a beam of light, gather a whole bundle of rays 
into a single focue — we can make distant objects ap- 
pear near, make small things appear large, and large 
things appear small. Telescopes, microscopes, spectsr 
eles, and all kinds of optical instruments, are founded 
on this simple law of refraction, as shown by this 
bowl of water. 

EXPERIMEKTS IN PROJECTION. 

At the optician's you can purchase a small glass 
plano-convex lens, 3 inches (76 millimetres) in diam- 
eter, and of a focal length of about 8 inches, for per- 
haps less than fifty cents. Such a lens is flat on one 
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side and convex on the other, and fmtn this it takes 
itB u»]ue. Take this lens into a room, and cIobc the 
curtains at all the windows save one. Soften a piece 
of wax, and stick the lens into it, so that it will serve 
as a handle, and then hold the lens a few inches from 
the wall, or, if the wall is dark-colored, before a sheet 
of paper pinned upon the wall, and just opposite tho 



On the wall will then appear a picture 
s the window, and the trees, houses, and other 
Objects that may be seen through it. Move the 
lens backward or forward, and you will find a place 
where the image on thts wall becomes distinct, and 
gives a miniature view of the window in its natural 
colors, and upside down. 
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Here tlie light from the window falls upon the 
I lenB, and is refraeted to a focos. Tliis focus consists 
I of point*, each of which ia formed by the conver- 
I genco of rays which come from a similar point in 
L the window. This we call a projection, because the 
light is projected or thrown upon the wall by the lena. 
To understand this we must notice that every part of 
the window sends light into the room in every direc- 
tion. Every part sends light into the entire lens, and 
each beam is refracted and takes a new direction be- 




I yond it, so that, ultimately, all the rays mee 
1 focus. In examining this projection, you wi 
I that the glass is quite near the wall when the focus is 
clear and sharp. If we measure the distance from 
the lens to the projection, we sliall get a certain meas- 
urement. This measure we call the focal distance of 
the lens. 

Fig. 22 represenffl two rays from the top of the 
window and two from the bottom, and shows the 
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path they take. To draw every ray wonld coofuee 
tte pictare, and by examining tliese four we can 
forui an idea bow tliey all travel together in a crowd 
and meet beyond the lens in new poeitions, and all 
closely drawn together in a focns. Those from the 
top of the window are refracted in one direction, 
those from the bottom in another, and thns they cross 
each other, and the projected image of the window 
appears to be upside down. 

The picture on page 77 in this section represents 
the heliostat in position in a dark room. On a table 
in front of the instrument is the plano-convex lens, 
momited on a lump of wax, faBtened to a block of 
wood, and placed with the convex aide towai-d the 
ann. The opening of the heliostat is covered by a 
piece of smoked glass, having a figure of an arrow 
drawn upon it. The light passes through the glass 
where the smoke was brushed away in drawing the 
arrow, and fella upon the lens. By refraction the 
beams of light form an ima,ge of the arrow upon a 
white screen. This screen is made of white cotton 
cloth, and is hung about 15 feet (4.57 metres) from 
the lens. The result is a large projection of the 
arrow, upside down, and in white on a black groiuid. 
Move the lens backward or forward slightly, and you 
will find a place where the projection ia sliarp and • 
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1 esting and beautiful experiment both in refraction 
»nd reflection. Place the finger over the hole in the 
side of tlie flask and fill it with water. Place the 
flask on the shelf ao tiiat tlie beam of light fi-om the 

, heliostat will strike the glass oppoBtte the hole in 
the side. 

Look at the beautiful cone of light in the water. 
The beam of light is refracted and bronght to a focus 
as in onr other experimente, except that hero the 
cone is entirely under water. Study this singular cone 
carefully, and adjust the flask so that the point of 
the coue shines on the finger at the hole in the side. 
When this is done, make the room as dark as possi- 
ble, and then remove the finger and let the water fall 

I in a stream into the tub on the floor. 

How magical ! The curving stream of water is 
fidl of light, and appears like a stream of molten ii'on. 
Tlie ppot where it falls seems touched with Are. 
Put your finger in the stream of water, and it is 
brightly illuminated. Of course, the water soon runs 
down, and tlie display stops. To prevent this, bring 
water in a rubber tube from the water-pipes in the 
house, and then regulate the supply so that the re- 
ceiver may he kept full as fast as the water runs out. 
Place a pieee of red glass behind the flask in 

L "the beam of sunlight, and the stream of water will 
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look like blood. Touch it, and the hnnd will be crim- 
son, and the scattered drope that fall in & shower into 
the tnb will, shine like drops of red tire. Place a 
green or bine glass behind the fliisk, and the stream 
of water will turn green or blue, and present a most 
singular appearance. Hold a goblet in the stream, 
and it will overflow with liquid light. IHaehee and 
sparkles of fire will apjjear in it, and foam over the 
sides, shining with brilliant light. 

This beautiful experiment is as interesting as it is 
strange and magical, and it illustrates both refraction 
and total retiection. The flask makes a lens, and 
the falling stream of water is lighted up by the cone 
of light that enters it at the hole in the flask. Both 
the water and the light pass out of the hole to- 
gether, the light inside of the water. That this is so, 
may be proved by permitting the water to escape, 
when the light will be seen shining out of the hole 
horizontally into the room. Why, then, does it not 
shine out into the room whiJe the water is escaping 1 
"WTien the stream of water is flowing out, it falls in a 
curve into the tnb on the floor. The beam of light, 
passing out with llie water, meets its curved surface 
at such an angle that it is totally reflected. This 
beam of reflection again meets the surface of the 
water, and is again totally reflected. Tn this manner 
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[ it is reflected from side to side, again and again, till 
t it reaches the tub, and thei'e we see it shining brightly, 
I It 18 a prisoner in the water, and follows it down into 
■ the tub. When you put your hand in the falling 

tester, you see tliat it is lighted brightly, and yet the 
BBtreaiti by i.'omparison is rather dark. If it were 
f pure, distilled water, it would hardly be visible. As 
1 full of floating specks and motes, each of these 
I reflects light, and these cause the water to appear full 
I of hght. 

This fountain of fire ia a charming experiment 

Lfor a school, and its doable lesson makes it as iutf 
Hvsting as it is beautiful. 



THE WATER-LANTERN. 

Fig. 2i represents the water-lens used 

last experiment but two. The wuter-lens stands 

in the wooden box containing the mirror, and at 

the back of the box ia a wooden slide holding a 

I horizontal shelf at the top. This sh'de has a long 

I dot cut in it, and, by means of a bolt and nut fast- 

d at the back of the box, it enn be made fast to 

Ithe box in any desired position. This slide is US 

pinches (40,6 centimetres) long, 5 inches (13.7 

L timetres) wide, and J inch (19 millimetres) thict ; 

i the slot cut in it extends nearly the whole length. 



and I 
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I slielf on the top is 7 iiiclios (1T.8 ceBtimetre 



^^^pODg, and 5 inc-lies (13.7 w^ntimetreB) wide, and has a 
^^Hko]e, 3^ incIicB (8.3 centinaetres) in diameter, cut in 
^^Httie centre. The iron bolt and not iniist go tlirough 
^^Hthe back of the box, and must have a i^'aeber wide 
^^Honongh to cover the slot in the elide. A few inches 
^^Kielow the bolt a block of wood is fastened to the 
^^Hback of the box in the slot of the slide, to serve as a 
^^H^ide in raising and lowering the slide carrying the 
^^Klens. In the bole in the slielf rests a large watch- 
^^B^lass, or shallow dish, about 4 inches (10,1 centime- 
^^B!k*e8) in diameter. The plano-convex lens used in onr 
^^Roxperiraenta in projection, may be here used in place 
^^H'of tlio watch-glass. On each side of the shelf are 
^^Vtwo upright wooden anns, and between tliein is placed 
^^Ka looking-glass 1 iucbes (17.8 centimetres) long, and 
^^H:4 inches (10,1 centimetres) wide. To bold tbis mir- 
^^■Tor in place, screws may be put through the top of 
^^Hnprigbts into the frame, so that it will hang sus- 
^^■pended, and turn f r'eely np or down, 
^^B This apparatns can be made for abont $3.20, the 
^^Hwoodwork costing $1, the two mirrors $1,50, the two 
lenses costing 70 cents ; and when it is ready for work 
it will be a fine lantern suitable for projecting large 
pictures upon a screen. Place the lantern before the 

Keliostat, so that the full beam of light will be re- 
ected froTn the mirror upward through the glass 
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bowl ami tlie watch-glass. I'Ul each of lliese ^ 
clear water, and then place the swinging mirror at 1 
the top at an angle of 45°. Hang up a large acreea I 
of -white cotton cloth or sheet in front of the lantern, , 
and from 15 to 40 feet (4.57 to 12.20 metrcB) from the I 
lantern. On this screen will appear a circle of light I 
pi-ojeeted from the lantern. The ennliglit from the I 
mirror is refracted in the large water-lens and brought. I 
to a focus. It is again refracted in the email glass of | 
water, and is reflected by the mirror on the screen. J 
Get a piece of smoked glass, and trace upon it some I 
letters, and then lay it on the water-lene with the top 1 
(upper side of the writing) toward the screen : 
mediately the letters will appear on the screen 
white on a bl^ck ground. If the projection is not I 
distinct, loosen the nut at the back of the box, and I 
move the wooden slide up or down till the right focngi 
is obtained. 

This water-lantern may now be used for all the J 
work performed with ordinary magic lanterns. PlucftB 
a sheet of clear glass over the large lens to keepa 
the dnst out of the water, and then lay common Ii 
tern-slides on this as in a magic lantern. 

The most simple slides for such a lantern can I 
made by laying thin paper over engravings or 
ings, and trai'lng the picture with lines of holei 
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icked with a pin. In the iantem such a paper slide 
will show the lines of the pictnre in dots of light on 
a dark groimd. jVnother way is to write or draw on 
^eetfi of smoked glaee. A curious effect may be 

Lade by placing the smoked glass in the lantern and 
writing upon it, upside down and backward, when the 
letters will appear to grow out in big white characters 
on the dark screen, and afford much amnsement to 
all who see it. Of course, the tilm of smoke will 
easily mb off, and each scratch and finger-mark will 
be shown on the screen, and the work is often dirty 
and troublesome ; but it has the advantage of being 
quickly done, and, if the picture is not right, it can be 
mbbed out and another put in its place. 

A better kind of slide may be njade by draw- 
ing with a needle on sheets of gelatine. Slieets of 
gelatine, 18 inches (■45,7 centimetres) square, can be 
bought for 35 cents, either pure and transparent or in a 
variety of colors. Lay a piece of this on an engraving, 
and trace the picture, drawing, map, or outline, with the 
point of a large needle — do not press very hard on the 
gelatine ; a mere scratch is enough — and in the lan- 
tern every line and dot will be visible, in black upon 
a white or colored ground. To preserve these sheets 
of gelatine, put them between sheets of glass, and 
bind them together with paper pasted over the edges. 
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Another kind of elide may be made by flon'ing 
Bkimmed milk over sbeets of glaes. Wlieii tlie white 
tilin of milk is dry, drawings may be traced in it with 
a sharp pencil or pointed stick. Another plan is to 
ml) Castile soap over glass, and to draw on this in the j 
same way. By this plan you can destroy the picture I 
by mbbing on more soap, and you may then make a 
new picture in it. 

This lantern is qtiite as good as the beet magic 
lanterns. For schools, where one boy or girl wishes i 
to ahow a sum in aiithmetic, an example in alge- I 
bra, a map, or sample of penmanship, to the whole 
school, the sun-lantern and piece of smoked glass, or 
a sheet of gelatine, will enable him to project it on 
a screen, so that a hundred boys and girls can see it i 
at once. 

Another interesting e^cnment may be made with. I 
this lantern by taking the glass cover off of the large^l 
lens, and dropping a very small chip of wood in the! 
water. It will be pictured in gigantic size upon thel 
Bcreen, and curious fringes of shade will gather round 1 
it, showing where the water clings to the wood, A ' 
drop of camphor or of oil of coriander or oil of cin- 
namon, let fall into the water, will exhibit geometri- 
cal figures and strange motions on the screen ; and a . 
few drops of indigo or carmine in If will color thej 




I blue or red, and make an excellent background 
' for 80U10 of tlie pictures. 

To describe ail tliat eouid be done with this water- 

^ lantern and heliostat would fill a book. Having 

made them, you can consult other books on making 

': projections, and find the lantern a source of amuse- 

I ment and instruction for hundreds of people for a 

very long time. 

THE SOLAR MICROSCOPE. 

Fig. 25 represents a common round glass flask, 
I about 6 inches (15.3 centimetres) in diameter; a com- 
mon pocket-microscope lens of 1 inch focus (costing 
I 35 cents), and a glass slide, carrying a microscopic 
, object. The flask is filled with water, and is placed 
on a table just at the opening of the heliostat, so that 
the light will be refracted in it and brought to a 
focus. It is thus a water-lens, and may be used to 
bring a focus of light upon any object placed near it. 
Just behind this focus we place a glass slide, contain- 
ing some object to be examined in a microscope. To 
hold this slide upright, we stick it in a mass of wax. 
The magnifying-glass is fastened to a bit of wax rest- 
; on a block of wood, so that it maj be moved 
backward or forward along a strip nailed down 
another block. About 15 feet (4.57 metres) from 
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table is placed a seamen, and on tbia is iirojccted a 
large image of the minute object on tlie elide. A 
elotli ia hung over the upper part of the water-lens, 
to shut out the light, and all other light is excluded 
from the room. This apparatus makes a solar micro- 
Boope, that may be used to project ;dl kinds of micro- 




scopic objects, so that they can be exhibited before a 
large number of people. Tanks for holding animal- 
cules, and all objects used in microseii^ta, may be 
placed in this solar lantern and exhibited upon a large 
scale, witli veiy little trouble, and at only the ex- 
pense of the flasli, the pocket-lens, the screen, and 
the heliostat. 




CHAPTER Y. 



TEE DECOMPOSITION OF LIGHT. 



Out a vertical slit, an inch (25 millimetres) Id 
and jif of an ineh (1 millimetre) wide, in a piece \ 
cardboard. Make the alit with sharp, clean edgi 
and then faetcu the cardboard over the opening ] 
tlie heliostat, and a slender ribbon of light 
enter the dark ixwin. Iii front of this slit plaoe^ 
small block of wood, and on this put a lump of " 
At the optician's you can purchase for 50 cents a 
good glass prism. Stand this upright in the wax, as 
in Fig. 26. Behind this, at a distance of about 15 
feet (4.57 metres), hang up the screen we need in the 
lantern projections. 

Here A is the opening in the heliostat, but some- 
what exaggerated in size. The prism is at P, and S 
flhows how the screen is placed, biit gives its position 
much too near the prism. 

On the screen will be projected a band of brilliant- 
colored light, resembling the rainbow. We have seen 
that light may be I'efleeted, and that it may be re- 
fracted; here we discover that, by refraction, it may 
LJw decomposed— that a single beam of white sun- 
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light may be split into a vast number of rays, each 
having a color of its own. This beautiful band of 
color is called the solar spectrum. Study it carefully. 




» • 







Fio. 26. 



It is quite impossible to count the colors, for they 
mingle together and merge into each other by invisi- 
ble gradations, so that we cannot say where one color 



begins and anotlier endg. Yet with a little care you 
can make out a number of colors, that seem quite dis- 
tinct. Seven colors can very easily be counted by 
beginning at the red, or left end of the spectrum. 
These colors are red, orange, yellow, green, blue, in- 
digo, and violet. Some people count ten, and call 
them red, orange, yellow, yellowish-green, green, 
bluish - green, ultramarine-blue, indigo, violet, and 
lavender. All these colors, and the countless shades 
of colors that lie between them, are in the beam of 
sunlight. Deconipoee the light by means of a prism, 
and they stand side by side on the screen in a beauti- 
ful band or belt. Each color has a different degree 
of refraction, the refraction increasing from the red 
to the violet ; aiid thus they meet the screen at differ 
ent places, and we see them spread out side by side 
like a band or ribbon upon the screen. 

To prove that this solar spectrum is the solar 
light decomposed, and to show that all these colon 
may be found in a beam of white light, place a hand- 
mirror in the beam of refracted light just beyond the 
prism. The spectrum may thus be reflected to a dis- 
tant part of the room, on the wall or eeiHng. Then, 
holding the mirror in the fingers, make it vibrate to 
and fro, so that the reflected spectrum will move, in 
the direction of its lengtb, from side to side very 
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quickly. At once the spectrum on the wall changes 
into a streak of white light, with colored spots at 
each end. To understand this, you must remember 
the common experiment of whirling a lighted stick 
or bit of live coal. The spot of fire changes into a 
ring of light. When light falls upon the eye its effect 
lingers for a short time, even after the source of the 
light has moved away, or has ceased to give light. 
The vision is said to persist or stay after the light has 
really gone. So in this case the colors of the moving 
spectrum on the wall persist or stay in the eye while 
they are moving to and fro, and thus one color over- 
laps another, and we seem to see them all at once in 
one place. This mingling of every color in the eye 
gives us a band or streak that appears white, and 
thus, indirectly, proves that all the colors of the 
spectrum make white, and that white light contains 
all these colored lights. At the ends of this band of 
white are bright spots of color. As the mirror moves 
backward and forward, it stops at each end of its lit- 
tle journey to change its direction, and here the spec- 
trum becomes visible. 

EXPERIMENTS WITH THE SOLAR SPECTRUM. 

Send to the dealer in artists' materials and get a 
cake of red vermilion, emerald-green, and aniline vie- 



let (HoSman's violet — B. B.). Get these shades, and 
no others, and then cut out three narrow strips of card- 
board, and give one a coat of the red, one a coat of 
blue, and paint the other green. Take paina to give 
them a good thick coat, bo as to hide the white paper. 
Study the solar spectrum on the screen carefully, and 
you will see that these shades of red, green, and vio- 
let, are in it. When the painted strips are dry, take 
the red vermilion strip and hold it in the spectrum at 
the left or red end, and you will see tliat it matches 
the red exactly. Tip the paper backward a triSe, so 
that the surface of the paper will not shine or glisten 
in the light, and then move it slowly to the right, keep- 
ing it before the spectrum. As it paascB the orange 
it grows dark ; in the yellow it is darker still ; oppo- 
Bite the green it is perfectly black. Move it to the 
very end, and everywhere the red strip ia quite black. 
Place it before the red again, and its color comes out 
dear and bright. Try the violet strip in the same 
way. In the same manner, the green strip is green 
when it is in the green part of the spectrum, and black 
everywhere else. 

This experiment shows that green, red, and violet^ 
are visible in green, red, and violet light, and that 
in light of any other color they are invisible, and the 
strip of card appears to he black. Hence, au object 
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appears of its proper color liecauae it absorbs aBfl 
colors of the white light except its own color wbichl 
it reflects. 

Look at the spectrum closely, and you wQl ootieel 
that the red is at one end, tlje green near the mid-f 
die, and ultramarino-blne is near the other end. Fm 
convenience, we will call this ultramarine-blue color 
violet. Between the red and the green you will 
notice many shades of yellow, from deep-orange to 
yellowish-green, and between the green and the violet 
are many shades of bine, from greenish-blue to deep- 
indigo. 

It is thought that, when we see a red light, cer- 
tain nerves in the eye are affected, and convey a 
peculiar sensation to the brain, that we call red. 
These nerves are sensitive to red light, but are not 
sensitive to any other light, except in a moderate 
degree. Another set of nerves in the eye are pecul- 
iarly sensitive to gi-een light, and still another set are 
affected by ^-iolet light. Hence the sensations caused 
by these three colors are called the three elemcTitary 
color sensations, and from the combinations of these 
sensations come all conntless shades of color. When 
one of these colors of sensation falls on the eye, we 
see it distinctly. When two — say the red and greei 
— meet the eye, both sets of nerves are affected i 
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once, and we get a sensation that is neither red nor 
green, but yellow. In the same manner, when green 
and violet meet in the eye, the two sets of nerves are 
excited, and we see not green and violet, but blue. 
In the same manner, if red, green, and violet light 
enters the eye, all the nerves are excited at once, and 
we see not three colors, but one, which is white. 

Purple, 




Bed. 



Green. 



Violet, 




TeUow. 



Mm. 




WMte. 
Pig. 27. 



This diagram will assist us to remember the rela- 
tion the color sensations bear to each other. The 
red and the green combine to make yellow ; the green 
and the violet unite to make blue ; all three mingled 



WSITION or UQHT. 



together give us white. We may also combine red j 
and violet liglit, and get piirple light. 



THE COLORTOP. 



This picture represents a common iron top, that 
may be found at the toy-shops. If you cannot ^d J 




one exactly like it, there are others having a straight 
handle at the top, instead of the curved handle. 
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Just under the flat part of the disk are two or 
three round pieces of drawing-paper, and under these 
i8 a thick disk of pasteboard. Each of these has a 
liole in the centre, so that it can be dipped over the 
leg of the top. In some tops, however, it may be 
easier to put these disks above on the handle. Such 
a top as this may be made to spin in a dtnner-plate 
on the table by winding a strmg round the leg, and 
then pulling it away with the right hand^ while the 
top is held upright by the left hand. 

Get some thick drawing-paper, and cut out three 
disks, each 4 inches (10 centimetres) in diameter, and 
make a hole in the centre of each, so that it will slip 
over the leg of the top. Cut each disk open from the 
circumference to the centre with a pair of seissorB. 
Paint one with the red vermilion, one with the emer- 
ald-green, and the other with the ultramarine-blne 
that we used in tlie last experiment, and then, while 
these are drying, make a disk of thick pasteboard, 
and cut a hole in the middle, so that it will slip tight- 
ly over the leg of the top. 

When theae are ready, take the red and green 
disks and hold them side by side with the cut places 
opposite, and slip one into the other, and then turn 
them round, so that the green covers the red. Then 
put tlieui both on the leg of the top, and pnt tlw 
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pasteboard disk under tJiein* to hold them in place. 
Now, if joii hold the top upright in a plate and make 
it spin, you will see a beautiful ring of green color 
round tlie spinning top. 

When it Btope, take off the pasteboard, and revolve 
the colored disks one ou the other, so that half of 
the red and half of the green can be seen. Now spin 
them on the top, and instantly you have a ring of 
yellow. Move the disks again, bo as to display ono- 
qnarter of the green and three-quarters of the red, 
and when the top spins yon get a deep-orange ring. 
Move them again, and ]et the gi'een hide nearly all the 
red, and the top shows a greenish-yellow ring. In this 
manner you may mix the red and green in greater 
or less proportions, and the ring of color on the top 
will exhibit new shades of yellow with every change. 

In the same way, combine the green disk and the 
violet, and the spinning top will show a new shade of 
blue with every proportion in which the green and 
violet are mixed. Put on the red and violet disks, 
and let each show more or less, and shades of pui-ple 
will be shown. Put on all three disks — the red, 
green, and \-iolet — and arrange them so that one-third 
of each is shown, and the ring will be gray. Change 
■ the proportions, and you will see each time new ! 
eliades of gray or white. 



k. 



This 



i a very simple toy, but it s 



! to show 



how these three colors may be corahined to produce 
every color in the solar spectrum. The color will 
vary very greatly, and new and beautiful shades of 
yellow, blue, purple, and gray, will be found at every 
trial. Red, green, and violet, may be tinted with 
other colors in the most charming manner, and hoors 
can be filled wirh arauaement and instruction by ex- 
' perimenting with this color-top and its ever-ebang- 
ing colored rings. 

To exhibit the colored rings on this top before a 
number of people, make a disk of stiff cardboard about 
8 inches (12.7 centimetreB) in diameter, and cat out 
three holoa at equal dietances from each other near 
the edge. Over these holes place pieces of red, green, 
and violet glass, one color on each hole, and fasten 
them down with little bands of paper at the edges, 
and secured with mucilage. Place this disk on the 
color-top, and hold it upside down just above the 
large lens in the water-lantern. Have the lantern 
prepared to give projections on the screen (see sec- 
tion on water-lens), and then you will see three 
spots of colored light on the screen, and, by making 
the top spin round on the handle by means of the 
string, the three spots of color will whirl roimd in 
a ring, and, if the top moves fast enough, we shall see 
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a ring of white or gray. Cover die violet glaas so aa 
to Bhnt out all the light, and then make the top ^in, 
and the two epots of red and green will appear on the 
screen in the fonn of a yellow ring. In this manner 
all the effects exhibited by the color-top may be pro- i 
jeeted on a large sciiio on the screen, and make a most 
interesting and beautiful exhibition that will be sure > 
to please all who see it. 
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Let the spectrum fall on a mirror, and throw its 
reflection upon a distant part of the room. Procure 
a slip of looking-glaes half an inch wide and about 
three inches long, and place this on the mirror in any 
color of the spectrum. By tilting the slip of looking- 
glass, any color can be thrown on to any other color ' 
of the speetrara, and thus an endless variety of colors 
can bo formed by compounding their elementary com- 
ponent colors. 

EXPERIMENTS IN REFLECTED COLORa 

Fig, 29 represents a flat block of wood having a J 
short stick set up at one comer. On this stick is I 
fastened, by means of a lump of wax, a strip of c 
window -glass about 1 inch (25 millimetres) widi 




and 3 inches (7,5 centiiuetres) long. Jnst behind i 
stick is anotboi- piece of glass of the same mze fast 
ened to tlje block of wood by a mass of wax. Place 
the instrument on a table near a window, and then sit 
before it with youi- back to the light. Cut oat small 




bits of paper and paint one red-vermilion, another 
emerald-green, and the tliird ultramarine-blue or vio- 
let, as in our experiments with the color-top. Then 
place one of tbese in front of the inatmment, at the 
epot marked C in the drawing, and, sitting close to 
the instrument, look down into the glass on the stick, 
and yon will see the bit of colored paper refloeted in 
the glass. Suppose this is the red piece. Then place 
the green piece at the ring marked A. On looking 
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loth the green pieos^^f 
..1 L_i,;_.i :i. '"'IiiJa ^^^ 

till 
Jier, ^^ 



the ghk8B you can now see both 
bected in the glass and the red behind it. Wtiilo 

feing at both, move tho one or the other till 
ley appear to come in line, or one over the other, 

1 then, in place of seeing a red and a green pii 
n will see a single yellow piece. 

1 WQ have & combination of colors, and we 
a place tlie red and violet or the violet and green 
:es before and behind the glass, and see the colore 
Bibine precisely as in the color-top. If it is not 
mvenient to make this instrument, these effects can 
i shown with a piece of clear window-glass, by 
mply holding it in the hand so that one color can 
1 reflected in the glass, and the other directly 
pongh it. 
With the instrument we can combine all tl 

B by placing them in the positions marked A, B^ 

1 t?,and then looking thi-ongh both glasses at once. 

e eoloi- at A will be seen through both glasses, the 

^or at G will be seen in the upper glass and in a line 

l^th the iiret, and the color at B will be seen reflected 

^ the surface of the lower glass ; and, if all three 

I the right places, wc shall see only 
1 that will be white or gray. 



Bctiy 



J one pieee^^^H 



EXPERIMENTS IN CONTRASTED COLOfifi. 

Cut out three pieces of drawing-paper aboat 3 
inclies (5.1 eentimetrea) square, and paint one red, 
another green, and another violet, using the paints we 
bought for the color-top. If theue are not at band, 
cnt out squares of red^ green, and dark-bine paper, 
and squares of yellow, pink, blue, or any other colors 
you cau obtain. Lay a piece of black cloth on a table, 
near the window, and then sit before it with your 
back to the light, and place the red square of paper on 
the cloth. Take a sheet of white or, still better, light- 
gray blotting-paper in the right hand, and hold it just 
above the red square in such a position that it can be 
quickly slipped over it, so as to hide it from sight. 
Now look steadily at the red square for a minute or 
two, and then slip the gray paper over it. In a few 
seconds there will appear on the gray paper a curious 
image just the size and shape of the red square, but 
of a bluish-green color. It wiU grow brighter quickly, 
and then fade away, leaving nothing but the gray 
paper. Put the green square on the black ground, 
and, after looking at it for a moment, cover it with 
the gray paper, and a pink image of the square will 
seem to shine out of the gray paper for a moment, 
and then fade away. Look at the violet square, and 
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Baddenly hide it, and a pale, greenish-yellow 
B will be seen. Get a square of yellow paper, 
i repeat the experiment, and you will eee a violet- 
be image. In the same way try an orange square 
nd get a violet image ; try greenish-yellow, and get 
pink image. 
These strange, gliostly after-images that linger 
after any color has been suddenly removed, result 
from an action in the eye. Having looked at red till 
the eye becomes weary, and then having suddenly 
taken the red away and replaced it by a white surface, 
B nerves of the eye send us another sensation that 
i call blnish-green. The nerves sensitive to red 
5 beoome fatigued, the nerves sensitive to green 
i violet are fresh aud fully sensitive to the green 
e from the white light reflected from the paper. 

7 color gives a particular after-image, and thift J 
) is always of a color that is said to he corapl&- 1 
mtary to it. Red is complementary to bluish-green,..! 
! to sky-blue, yellow to violet-blue, green to J 
nink, and so on through all the colors. 

To vary this experiment, you may take a small bit I 
i green paper, say about the size of a wafer, and lay / 
iton the middle of a square of orange-colored paper, J 
I then, after looking at the two colors for a i 
tnt, hide them both with the gray paper, and t 



after-image will be blue, mth an orange spot i 
centre. Take off tlio green wafer and pnt on i 
one. and make the experiment. Put a large spot of 
ink in the centre of this orange equai'e, and the blue 

I after-image will bare a gray epot in the centre. Black, 
we know, is the absence of color, and on looting at 
the black spot the eye is not excited at all, and the 
blue image appears to have a hole in the middle 
through which we see th.e gray paper. If we piit 
a white wafer on the orange square, we shall see a 
blue after-image with an orange spot. 

These strange and curious after-images, appearing 
like colored ghosts on the gray paper, may afford both 
amusement and instruction, and will give us the com- 
plementary color of any color we use in the experi- 
ments. These complementary colors, M'hen placed side 
by side, always give the eye a pleasing sensation, and 
we say that the colors look well together. 

Take a piece of red clotb or paper and bang it tip 
before a white screen, or upon a white wall, in a dark 
room. Stand near the window and look at the red 
cloth, and you will not be able to see it. Then 
slowly open the window-ahutter, and permit a little 
light to enter the room. Now the red cloth looks 
like a black patch on a gray wall. Let in a little, 

I more light, and it turns to a deep, dark red. Gradn- 
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' let in more and more li^t, and the deep-red 
ciotli will change to a lighter aod lighter shade, 
till the room is fullv lighted, when it will appear 
in its real color. Bring the red cloth into the fall 
Biinlight, or throw a beam from the helioetat upon it, J 
and it assumes a etill lighter shade of red. Clowl 
the ghntters again, and it will change back froml 
red to dark-red, and Ihrongh every shade to pep-'l 
feet black. Try any other color in the same man*r 
ner, and you will produce precisely the same effects, I 
This experiment may be tried in the night by tiimioga 
the gas (or other lamp) slowly down till the light dis-l 
appears, and turning it up again, while you watch the'l 
changing shades of color ae the light decreases and 1 
increases. 

Here we have quite a different matter, showing;^! 
that the shade or brightness o£ a color depends up< 
the amount of light it receives. If it has plenty 
light, it appears of its normal shade ; if it has Ice 
light, it takes a darker shade; if more, it has i 
brighter shade. If, in using our color-top, we put al 
bit of black cloth or paper on the colors, the ring oti 
. color, when the top spins, will take a darker shade>a 
If we put on a piece of white paper, we shall ( 
rings of a lighter shade. 

When the sunlight falls ou any object, the obje( 
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absorbs part of the light and reflects the rest. If it 
absorbs all the light and reflects nothing, the eye sees 
no reflected rays, and we say the object is black, or is 
invisible. If it reflects all the light, we see every 
color, and we say it is white. If it absorbs all the 
rays of the spectrum except red, our eyes receive 
these red-reflected rays, and we call the object red. 
If it absorbs all the rays except red and green, the 
eye receives these two rays, two sets of nerves are 
excited at once, and we say that the object is yellow. 
It is in this manner that we see the things about us, 
and are enabled to recognize the colors in which they 
appear to be clothed. 



CONCLUSION. 
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"We have now seen how light moves through air, 

Spater, and other transparent eiibstances; we have 

■Jearned something of tlie manner in which it may be 

■ reflected and refracted ; and we have examined a few 

Jof the more simple facf^ about colors. Yet we have 

■not by any means learned all that is known about 

ight, nor have we exhausted half the capabilities 

tof our apparatus. We have studied reflection from 

Iplane surfaces ; all the wonderful effects produced by 

I reflection from curved mirrors remain for further 

Btady. We have examined only one or two of the 

R.different kinds of lenses ; and in the beautiful science 

Jof colors we have, as it were, only opened the gate 

I into a strange and marvelous country. 

You might go on for a year and still make experi- 
l.ments every day, and even then not reach the end, 
f You have seen that it is not difficult to make experi- 
■"anents ; and, should you take up other books on light 
■and make new experiments, you would find much 
■that would be of the greatest value and interest. 

Shotild you learn nothing else, you will see ' 
Yourself with what skill, wisdom, and ' 
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these beneficent laws have been arranged. These 
things came not by chance, or of themselves. They 
all point to a great and wise Creator, who has given 
the light a pathway, and filled it with bewildering 
and perpetual beauty. It is the light that paints the 
flowers, tints the clouds, and decks the sky in blue. 
Everything selects its own particular color out of the 
solar spectrum, and shines with all the beauty and 
glory of the light. No man hath counted all the 
glories of light, nor hath any man yet traced all its 
paths. It brings us strange messages from distant 
suns ; it makes all Nature beautiful. 

BLaving made a fair start in the art of experi- 
menting, let us go on to new experiments in sound, 
heat, magnetism, electricity, and mechanics. 



THE END. 



Lisb of Apparatus needed in the Experivwnts on 

Light, aiul tJieir Cost. 

Rubber tubing, 8 feet at 16 cents per foot $0 45 

Small kerosene-lamp 60 

Pulse-mirror 6 

Candle 6 

Glass tube 25 

Squai'e bottle 26 

Flat-bottomed flask 1 00 

Flask for solar microscope 60 

Plano-convex lens 60 

Double-convex lens 35 

Top 5 

Colors and drawing-paper 1 00 

Prism 50 

Water-lantern : wood, $1 ; 2 mirrors, $1.50 ; glass 

shade, 25 cents ; large 4-incli watch-glass, 80 cents 8 06 

Heliostat 8 80 



$12 40 



The rubber tubing, glass tube, flasks, square bottle, and watch- 
glass, may be obtained of E. B. Benjamin, No. 10 Barclay Street, 
New York. The prism and lenses may be found at Fr. J. Emmerick^s, 
No. 88 Maiden Lane, New York ; and the glass shade may be bought 
at Philip Weber's, No. 60 Barclay Street, New York. All the other 
materials may commonly be found in any dwelling-house, or bought in 
any town or city. 



The Best and the Cheapest 

I NEW CORNELL SERIES OE GEOGRAPHIES, 
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IN TWO BOOKS. 
THE COMMON-SCHOOL SERIES. 

I. Cornell's Primary Geography. ForminE Part 

First of a Systemalic Scries of School Geographies. Small 
4to. 96 pages. 15 MapSv Beautifully illustraled. . . $ 

[ ZL Cornell's Intermediate Geography. Embracing 

a Summary of Physical Geography, a complete set of New 
Maps, a simple ajid praclical System of Map-drawing, and 
a comprehensive course in Political aniJ Commercial Geog- 
raphy, for Intermediate and Grammar grades of Schools. 
Illustrated hyour hesi artists. Large4lo, 96 pp. 17 Maps. 1 

SUPPLEMENTARY WOFKS. 
Cornell's Physical Geography. Accompanied with 

nineteen pages of Maps, a great variety of Map-queslions, 
and one hundred and thirty Diagrams and Pictorial Illus- 
Irations ; and emhracing a detailed description of the Phys. 
ical Features of the United States. For Advanced Classes 
and High Schools. Largs 410, 104 pages. 

Grammar-SchOOl Geography. For same grades as 
tennediate, but fuller in detail. Large 410. 124 pp. 
Maps, and numerous Illustrations 
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Cornell's First Steps in Geography. Child's 4(0. 

With numerous Maps and Illustrations. 72 pp. 



Cornell's Geographies are unijaestionablv better adapted for com- 

lOn'Scbool instruction tban any other geograpliical text-books pubtished. 

Their great popularity and success, in the many sections where they 

I llave long Deen used, fully establish their claim uf superior merit, while 

J the low price of the two books is an important consideration in limes 

I when economy is so essential. 

D. AFFLETOn & GO,, PabUihen, Hew Turk, 
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For Ihe purpose nf facilitating tlie inlruducUoD of Science-Teae 
Elementary Schools. Under Ihe joint editorship of Profs. HuxIm 
:oe, and Balfour Stewart. iSmo. Flexible cloth. Price45cei 



CHEMISTRY. By Prof. Ros- 

PHYSICS. By Prof. Balfour 

Stewart. 

ASTRONOMY. By Prof. Lock- 



GEOLOGY. By Prof. Geikio^^ 
PHYSICAL GEOGRAPHY. T 

Prof. Geikie. 
PHYSIOLOGY. By Prof. M. 

Foster. 
BOTANY. ByJ.D. Hooker. 
INTRODUCTORY, by Prof, Huxley, and olhers, in prepantion.] 
llie object of these Primers is to convey infonnation in such a man- 
ner as to make it both intelligible and interesting to pupils in the most 
elementary clashes, and more especially to disdpnne the mind by bring- 
ing it into immediate contact with Nature. For this purpose a aeries 
ofsimple experiments has been devised, leading up lo the chief truths 
of each science. The power of observation in the pupils will thus be 
awakened and strengthened. 

As a means for introducing younger pupils into the fascinating field 
ofscience, and for leading ihem to an accurate comprehension of its 
impressive truths, these unique, concise, and interesting little trealisM 
will be found most aJmirable. 
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PRIMERS OF HISTORY AND LITERATURE. 



45 Cents each. 
HISTORY OF EUROPE. By 

E. A. Freeman. 
ENGLISH GRAMMAR. By Dr. 

R. Morris, LL. D. 
ENGLISH LITERATURE. By 
Rev. S. Brooke. 
The/ellmt/iHg will shartly nppear: 
Emglish History, by J. R, Green ; French Histokv, by Char- 
:le Vonge; Cheek Literature, by R. C. Jebb, M. A. ; LaTif 
-"■'.ATUKE, by Rev. Dr. Fnrrar. Others in prcparalmi. 

D. APPLBIOH A CO., Pabliohen, 049 fc BK Broadway, N. I. 



Flexible Cloth 
~mSTORY OF GREECE. By 
C. A. Fyffe, M. A. 
OLD GREEK LIFE. By J. P. 
^^^ Mahaffy. 

^^MteSTORY OF ROME. By Rev. 
^^^Bjd. Creighton. 

t 



\ST BOOK OF ZOOLOGY. 

By EDWARD S. MORSE. Ph. D.. 
Furmer/y Pnfissar of Camparatk-i Anatomy and Zoology in B,nin/aiu 



Prof. Morse has adapted Ihia First Book of Zodlogy to the pupils 
1 of the United Slates. The examples presented for study are such as 
re common and familiar to every school-boy— as snails, insects, spiders, 
' woiins, mollusks, etc When marine animals are cited, the eiamples 
■e selected from creatures that may be found in all of the markets of 
' the interior, such as the clam, lobster, and oyster, with its parasites. 
j The book will thus be equally well adapted to all parts of the country, 
t and the material easily accessible to pupils of every section. 

The aiustrations, of which there are upward of three hundred, have, 
with few exceptions, been drawn from Nature by the author, expressly 
for this work. The absence of those antiquated ligures which have 
done such long service in text-books of natural history, is among the 
excellences of Prof. Morse's book which teachers will appreciate. The 
drawings are made in simple but graphic outlines, with special refer- 
ence to their easy reproduction by the pupil on the state or black-board. 
Unlike ail other books on this subject, as well as the greater num- 
ber of sdenti6c text-books in general, the plan of this work, as already 
explained, makes it possible to have the easitst lessons /recm'i' the more 
difficult ones. The first chapter of the book is so simple and compre- 
, hensible that it can readily be mastered by a child of six years of age. 
Hence, the pupil is net compelled al the outset, as is frequently the 
;, to grapple with problems that he cannot understand, nor burden 
his memory with a long scientific nomenclature. His knowledge is 
t forced beyond what he can corroborate by his own investigation 
■ snd research. Knowledge thus acquired stimulates the puj)!! to con- 
tinued effort and eager study. 

His book here announced was prepared at the urgent solicitation of 
the pnblisbers, and they are confident that it will prove to be the most 
. interesting school publication of the season. 

D. kWlxmS k CO., FaUigbere, MB k S51 Brandwiy, N. Y. 
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^ Uppletons' Standaril Scientific Text-Books.^ 

Yomo&na'a First Book of Botany. DesiKncd to ctilbTnte the ObterviDg ] 

Powen of Children. By Eul* A. Voumans. umo. 183 pagci. S>-oo. 

Tbu litile booW hu pTorcd a wonderful B11CCA3, and is ein|thiiticii]ly a sup in the 
nohi dirccdon. Alihoush it has been it«ued but a ihori tiioe, ii has been adiwred for 
use in Ihc cities of Chicaso, St. Louis, New Vprk, Columbus, Kashville, Milwaukee, 
etc., etc., and in ihe SURB of MarylaiKt, Illiaois, and Ar1i;in«u. Il is 10 1>e ipeedDy 
followed by the Second Booli of Botany ud «i large and beaudfiUly'CDlored Botaiucal 
Chans, after the plan of Henslow. 

Hon. Superiniemleni Batemao, of [llinins, says : " As a sample of tite ine mclied 

ing of the hi^esl praise. In ihisrespect I hare seen nothing equal toil:. Thesame 
molhod, pursued in all [he natural sciences, would soon give us a generation of aceu- 
rare and intelligent yOLing observefi uf nattinU ohjccts and phenomena, and chan^ for 
the belter the whole tone and character of couimon-scliDol insCmctiDn. 

"Nhwton Kkikkah, Sufi Public Instruclln." 

lflO(3lEyeT*s AHtTOT10iii7i aocompouied with numerous lUuBtrations, a Cokicd 

rcpresentadon of the Sobir, Sleltar, and Nebular Spectra, and Celestial Charti of 

the Norihem and the Southern Hemiipheret. Amtriaai EdiHoK, revised and 

specially adapted to the Schools of the United Slates. lamo. 313 pages. 

' ftuBOkenbOB's Hatuial Philosophy. Revised Edition. Embracing the 

I most recent Biscoveries in the various Branches of Physics, and exhibiting (he 

Application of ScienliRc Principles in F.very-day Life. Adapted to use with or 

Umdons. iimo. 4SO pages. 
Quackenbos's Philosophy ha* toag been n &vorile Texl-Book. To those who have 

and the general acceptance of new theories respecting Heal, Liehi, and Elecmdly, 
the OorreTalion and Conservation of Forces, etc. The present EJJiSon is in all respect! 



Huxley ami Toamana's FhyBlology. 



Krusi'a New Series of DrawlnB-BooliB ; Teai 



e Manual for the l 




for Catalogues snd further information, to 

D. APPLETOM & CO., 549 ft 551 Broadway, 
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CLASS-BOOK OF CHEMISTRY. 



JUST P[]Bi:.li«UBtl. 

A New and Revisid Edil'wn, cnlirily rrwritUn and remodeled. 
1 vol., lEmc Price, S1.80. 



This work has now been thoroughly revbed on 
represent the htal developments of the science. I 
chemistry has recently undergone a revolution 
theories that has led to the eatablishmerit of . 
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ts fundamental 
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pies of combination, classihcation, and nomenclature. These new views 
are adopted in all the later works, but there has hitherto been.no suc- 
cessful attempt to put them in a popular and attractive form, suitable 
for clas.s-rooni use. Prof. Youmans's reputation as a writer who can 
mike himself understood by all minds is a guarantee that the new edi- 
tion of his book, which has always been a favorite with teachers, will 
mamtain its ~uetl-desenjid popularity. Besides the main feature of nov- 
elty — the explanation and application of the new theories of chemical 
action, and the new arrangements that depend upon them — there is tn 
unusually full treatment of the interesting subject of Spicirum Analysii, 
illustrated with beautiful colored chromoliths. This work is not a tech- 
nical hand-book, designed for special chemical students, but such a gen- 
eral view of the subject, in its latest aspects, as is suitable for the 
rctjuiremeats of our current high-school education. 
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HENSLOWS BOTANICAL CHART!. 

Modified and adapled for Use in the Uniled States, 
By ELIZA A. YOUMANS. 



One of the most atlraetive, interesting, and instrucUvi a, 
fitr tht schael-reem euer pubHihed, 
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A diagram system of illustration, as an aid in teaching a snbject like 
botany, is so valuable that tbe publishers have been induced, at the 
risk of heavy enpease, to issue this series of charts for school use. 

In the plan of illustration adopted, the plant is first represented in 
Us natural size and colors; then a magiulied section of its flowers is 
pven, showing the relations of the parts to each olher. and also mag- 
nified views of the differerl floral organs. The charts contain nearly 
five hundred figures colored to the life, and which represent twenty-four 
orders and more than forty species of plants, showing a great variety 
of forms and slruclures of leaf, stem, root, flower, fruit, and seed. 

The Charts are not designed to supersede the stady of plants, but 
only 1o faeililate it. Their office is the same as (he illustrations of the 
book ; but they are more perfect, and bring the pupil a step nearer to 
the objects themselves. Many plant characters are so mionte that they 
are difficult lo find, and much is gained by referring first to the enlarged 
and colored representations. Besides this special assistance in object- 
study, they will be of great value in bringing into n narrow compass a 
complete view of the straclures and relations of the leading types of the 
vegetable kingdom. While individual chnraclers are distinctly shown, 
they are broughf collectively before the eye, so as lo be readily com- 
pared and contrasted with each other. As the natural objects are im- 
aged with such fullness and truthfulness of delail, they will be found 
equally valuable to the beginner, the intermediate pupil, and the ad- 
vanced student— equally useful in helping to a knowledge of the rudi- 
ments, and in guiding to the higher classifications of the science. 

They can be used with any botanical text-books, and during the 
leason of plants they should be npon the walls of every sthool-roora 
where botany is studied. 

D. AFPLrroif k CO., PlkiUbcn, SiS i, fiSI BFOadwBJ, N. I. 



